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PREFACE. 



I The researches in this book are an amplification of the investigation on 
the metabolism of diabetes mellitus instituted in this laboratory in 1908. The 
experimental evidence has reached such a point that certain fundamental 
questions can be adequately discussed; many others are still in the process of 
investigation. 

The complicated nature of calorimetric experiments, the imne analyses, 
and the respiration experiments have made this study possible only through 
the active and hearty cooperation of our associates. Most of the respiration 
and calorimeter experiments were made either by Mr. Thome M. Carpenter 
or Mr. L. E. Emmes. The urinary analyses were made in part in the Nutri- 
tion Laboratory and in part in the private laboratory of one of us (E. P. J.)» 
with frequent determinations in both places as controls. As before, the deter- 
minations of /3-oxybutyric acid were made by Dr. F. H. Stanwood in the Lab- 
oratory of Biological Chemistry of the Harvard Medical School. The routine 
clinical urinary exammations were made by Miss Elsie Newman, while the 
total nitrogen determinations and the sugar determinations by the copper- 
reduction method were made in the Nutrition Laboratory by Miss Alice 
Johnson and Miss E. B. Babcock. 

For the determinations of the "retention of alkali'' by the kidneys in the 
case of a normal individual studied in connection with this report we are 
indebted to Dr. Gerald Blake. 

NuTBrnoN Laboratort of the Carnegib Institution of WAsmNOTON, 

BostoHf M<u$., June I4, 1912, 
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PART I. 

INTRODUCTION. 

It is acknowledged by all clinicians that the most satisfactory treatment 
of diabetes mellitus b obtained by a careful and intelligent regulation of the 
diet. The use of drugs has invariably met with but transitory success ; modem 
clinicians are therefore relying less and less upon such remedies and are turning 
their attention more definitely toward a careful dietetic regime. Accordingly 
it is of fundamental importance that all the knowledge possible should be care- 
fully accumulated regarding the uses made by the diabetic patient of the diet; 
the demands of the body for nutriment, and the best kinds of food to be 
ingested. It is of further importance that the reaction of the healthy indi- 
vidual to the narrow diet of the diabetic should be investigated, and this espe- 
cially because the studies upon acidosis have shown that the metabolism of 
health may be made to closely approximate that of disease by simple external 
influences, such as the withdrawal of all carbohydrate and the excessive admin- 
istration of fat. 

In our earlier investigation^ we endeavored to study the energy transfor- 
mations of diabetics without giving particular attention to the influence of the 
intake of food. It was believed that the energy transformations without food 
should first be clearly established, and then a study should be made of the influ- 
ence of various foods upon the metabolism of diabetics, with particular refer- 
ence to the effect of the so-called '^oatmeal cure," which has received much 
attention in recent years. 

Although the method of study has not been materially modified in our 
later observations now to be recorded, our experience in the first series has 
enabled us to plan to better advantage each individual experiment with the 
purpose of making it an improvement upon those preceding. Careful atten- 
tion to experimental details, a most scrupulous regulation of the diet, and the 
technical experience acquired in the last three years in numerous experiments 
of this type with both normal and pathological individuals have all helped to 
raise somewhat the standard of accuracy and give us increased confidence in 
the correctness of the plan of procedure. In the earlier investigation as many 
individuals as possible were studied in order to determine their general energy 
requirement for comparison with the energy requirement of normal individuals; 
in the later series of observations the attempt was made to study systemati- 
cally and completely the individual subjects rather than to make a large number 
of less detailed observations on a variety of subjects. At least three of the 
cases reported herewith have been most carefully studied over a considerable 
period of time. 



^Benedict and Joelin, Metabolism in Diabetes Mellitus, Carnegie Institution of Wash- 
ington Publication No. 136, 1910. 
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4 METABOLISM IN BEVBRE DIABETES. 

The fundamentally vital conclusion of our first report, t. e., that the 
metabolism of diabetics was increased above normal somewhat over 15 per 
cent, was not readily accepted, as was, perhaps, natural, and criticisms of the 
methods, particularly of the method of comparison of diabetics with normals, 
were freely made. While we believe that the earlier results showed definitely 
that our conclusion was well founded, the fact that the criticisms raised were 
made by a number of excellent workers in the field of metabolism justified oiu* 
continuing the accumulation of experimental evidence. As a result of this 
later work, we find ample confirmation of the conclusion drawn from oiu* ear- 
lier investigations, namely, that the metabolism of diabetics was increased 
(about 15 per cent) above normal. The criticisms raised by a number of 
writers with regard to this general thesis are discussed in Part III. 

In oiu* first report the principal subjects considered were the energy trans- 
formations and gaseous exchange of diabetics. Incidentally evidence was 
presented regarding the dextrose-nitrogen ratio and the ingestion of food. In 
discussing the influence of the ingestion of beefsteak upon the metabolism of 
one of the subjects we were entirely at fault in our statements regarding the 
dextrose-nitrogen ratio — an error that has been clearly pointed out by Lusk.^ 

On the other hand, we see no reason to alter our opinion there expressed 
that with diabetics the dextrose-nitrogen ratio is at best a very imcertain factor, 
and unless a rigidly strict carbohydrate-free diet be adhered to for several 
days, the dextrose-nitr(^n ratios have Uttle, if any, significance. Neither do 
we see any reason for changing our beUef that the adherence to a strictly 
carbohydrate-free diet in severe diabetes during a period of several days is a 
procedure very much to be questioned. This being the case, the significance 
of the dextrose-nitrogen ratio for diagnostic purposes has not, we believe, the 
importance that has been ascribed to it by other writers. 

Plan of RESEARca 

The original plan of research involved the study of a number of different 
problems. Of these, the first was the accumulation of further evidence with 
regard to the increase in metabolism noted with practically all of the diabetics 
previously studied. The diflSculty incidental to a satisfactory comparison of 
diabetics with normal subjects was pointed out in great detail intbefirst report, 
and while we firmly believe that the evidence there set forth showed that on 
the average there was an increase in metabolism of 15 per cent in diabetes over 
health, nevertheless plausible arguments could be brought forward indicating 
that the comparison of diabetics with normal subjects might not be scientif- 
ically soimd or correct. The disproportion between the body-weight and the 
body-siuiace of the two classes of subjects, the differences in the kinds of food 
eaten, the possibility of a larger protein katabolism with diabetics, and the 
error of drawing deductions from one individual as normal and another indi- 
vidual as a diabetic are by no means convincing arguments against our thesis; 

iLusk, Science, 33, p. 433. 
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nevertheless they remain as possible and plausible criticisms of the conclusion 
drawn from our earlier work. The later experiments were therefore planned 
further to clarify the situation and to remove cause for criticism. 

It also became necessary to secure additional data with regard to nor- 
mal individuals. During the progress of this investigation a large number of 
normal subjects have been studied in connection with the respiration researches 
in this laboratory, and hence the data are continually increasing. They will 
here be presented in abstract to show normal metabolism under conditions of 
experimentation similar to those used with the diabetics studied. 

Furthermore, a study of the influence of the ingestion of carbohydrates 
upon the metabolism of diabetics was deemed of great importance. The 
early investigations of Nehring and SchmoU,^ Magnus-Levy,^ and Leo' indi- 
cated that with the ingestion of carbohydrates there was frequently no increase 
in the respiratory quotient. Similarly there was apparently no great increase 
in the sugar excreted in the urine; at least the increase was not suflScient to off- 
set the excess carbohydrate ingested; and while there may have been a posi- 
tive carbohydrate balance on that particular day, the respiratory exchange did 
not indicate a combustion of carbohydrates, since it was not materially higher 
than during fasting. This presented an anomalous situation in that while 
carbohydrate was ingested in large amounts, it apparently was neither burned 
nor excreted, and the question therefore inmiediately arose as to where this 
carbohydrate had disappeared. For the purpose of throwing light upon the 
problem a number of experiments were made in this laboratory in which vari- 
ous carbohydrates were ingested, chiefly levulose and oatmeal, the latter being 
used particularly on accoimt of the great interest in the so-called ''oatmeal 
cure" for diabetes. Under these conditions the metabolism was studied very 
exactly in short periods following the ingestion of various amounts of carbo- 
hydrates in order to determine whether there was an increase in the metabolism 
or a variation in the respiratory quotient which would indicate a difference in 
the character of the metabolism as the time progressed. In this way it was 
hoped that some Ught would be thrown upon the character of the metabolism 
and the apparent storage of carbohydrate. 

In at least one or two of the earlier experiments we found an apparently 
abnormal reaction to the ingestion of protein. With normal individuals the 
ingestion of protein, particularly in the form of beefsteak, shortly produces a 
rise in metabolism, i, e., the ''specific dynamic action" of the protein. With 
one of the cases previously reported (Case A) this rise in metabolism did not 
appear; it was therefore suggested that possibly when the body was extremely 
glycogen-poor the non-nitrogenous portion of the protein molecule split off 
when the steak was ingested and was deposited as glycogen instead of being 
burned, and that the specific dynamic action of the protein might be due to 
the rapid combustion of the non-nitrogenous parts of the protein molecule. It 

'Nehring and Schmoll. Zeitschr. f. klin. Med., 1897, 31, p. 59. 
'Magnus-Levy, Zeitscnr. f. klin. Med., 1905, 56, p. 86. 
■Leo, Zeitschr. f. klin. Med., 1891, p. 101. 
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seemed important to verify this observation, if possible, by further evidence; 
hence a number of experiments are here included in which beefsteak was 
ingested. 

Our earlier experiments also suggested that during severe acidosis, when 
the patients were clinically in the worst condition, there was a higher meta- 
bolism. The relationship between the acidosis and metabolism was by no 
means clearly established or, indeed, recognized in our earlier report, but as 
these investigations progressed, it became desirable to make a particular study 
of the relationship between the degree of acidosis and the total metabolism. 
This has been given a special and prominent part in the later research, and 
the relationship between the degree of acidosis and the total metabolism has 
proved to be one of the most interesting points in this study. 

It was possible so to adjust the diet of the diabetics as to seciu^ with the 
same subject degrees of acidosis varying from very severe to very hght; hence 
we have here an opportunity of comparing the metabolism of a diabetic with 
a severe acidosis with his metabolism when without an acidosis. This has 
proved to be a great advantage, since the results obtained are more strictly 
comparable than those obtained when comparing the metabolism of a diabetic 
with a severe acidosis with that of a normal subject without acidosis. 

The general plan of the research as outlined in the preceding pages was 
that upon which the year's work was based, but it became clear as time went 
on that the program must be so restricted as to settle absolutely one or two 
f imdamentally important points rather than to attempt to secure conclusive 
evidence on so many different phases of the question as are here outlined. 
While it was thoroughly practicable to secure evidence with regard to the 
increased metabolism during different degrees of severity of diabetes, and while 
the relationship between the severity of diabetes and the metabolism began to 
be strikingly apparent, nevertheless, for experiments on the ingestion of oat- 
meal, carbohydrates, and beefsteak, both a certain type of case and a certain 
type of experimental plan were necessary. For this reason it was more diffi- 
cult to secure patients for this series of experiments than for a study of the gen- 
eral and broader questions; hence, while a considerable amount of data has 
been accumulated on the points here raised, we do not presume in this report 
to discuss in any way the questions with regard to the influence of the inges- 
tion of food, the dextrose-nitrogen ratio, the influence of the ingestion of car- 
bohydrates and sugars upon the positive carbohydrate balance, and similar 
questions, except in a very general way incidental only to their effect upon the 
question of the relation between the severity of the diabetes and the general 
metabolism. On the other hand, it seems desirable to present in this report 
all of the statistical data for the experiments thus far made, so as to make them 
available for clinicians and for scientists interested in metabolism during dia- 
betes. A complete discussion of the data, together with additional material, 
will be given in a subsequent publication. 

Consequently the final plan of work considered in this report will be first, 
the evidence with regard to the increased metabolism during diabetes; second, 
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the relationship between the severity of diabetes and the degree of increased 
metabolism; and third, the influence of a carbohydrate-free diet upon the total 
metabolism of normal individuals. Incidentally the accumulated data jus- 
tify the discussion of the factors affecting body-weight. In connection with 
the research a modified method for the rapid quantitative determination of 
sugar in the urine has been elaborated which is described at some length. 

Apparatus and Methods. 

The apparatus and methods used in the conduct of this research are essen- 
tially those described in the earlier publication.^ The bed calorimeter has 
been more extensively employed than has the chair calorimeter, the latter 
being used for only three experiments in this connection. On the other hand, 
the respiration apparatus, which has continually undergone minor modifica- 
tions in methods of technique and facility of operation, though not in principle, 
has been extensively used.* In most instances it has been found that observa- 
tions made with this apparatus are fully as valuable and essentially the same 
as are the more time-consuming and expensive observations with the respi- 
ration calorimeter; hence we have no doubt of the wisdom or propriety of com- 
puting the energy transformations from the gaseous metabolism as determined 
on the respiration apparatus. The respiration apparatus has the special 
advantage in that with it experiments can be made rapidly, and thus the time 
relations of the metabolism, particularly after the ingestion of food, can be 
more exactly and rapidly studied than in experiments with the respiration 
calorimeter, with the longer periods of 45 minutes. 

DETERMINATION OF GASEOUS TENSIONS OF ALVEOLAR AIR. 

Owing to the interesting observations of Beddard, Pembrey and Spriggs,' 
it seemed advisable in certain instances to determine the composition of the 
alveolar air in severe cases of diabetes. Accordingly, with three subjects 
(I, N, and Q) observations were made of the carbon-dioxide tension, and at 
times the oxygen tension, of the alveolar air, these being in large part carried 
out through the kindness of Mr. H. L. Higgins, of the laboratory staff, who 
used the Haldane gas-analysis apparatus^ and both the Haldane and the Plesch 
methods for determining the alveolar air.^ 

VENTILATION OF THE LUNGS. 

Using an Elster meter of the type employed by Zuntz, and a pair of Zuntz 
valves, the ventilation of the limgs per minute was also occasionally deter- 
mined with one of the subjects (N). 

^Benedict and JosUn, loc, cU,f p. 15. 

*A detailed description of the apparatus, showing its use and technique, has just been 
published in the Deutsch. Archiv. f. klin. Med., 1912, 107, p. 156. 

■Beddard, Pembrey and Sprigxs, Proc. Ph3rsiol. Soc., Joum. Physiol., 1908, 37, p. 39. 

^Haldane, Methods of air anc^rsis, London, 1912. 

■Haldane and Priestley, Joum. Physiol., 1905, 32, p. 225; Plesch, Zeitschr. f. Exp. 
Pathol, u. Ther. 1909, 6, p. 380. 
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DETERMINATION OF SUGAR IN THE URINE. 

General dissatisfaction with the methods commonly used for the estima- 
tion of reducing sugars was expressed in our first report and it was there pointed 
out that the newly-introduced Citron method, while of value from the clinical 
standpoint, was of little value from the standpoint of exact scientific research. 
In our new experiments the Citron method was used for only the earlier deter- 
minations of sugar. Those made in the private laboratory of E. P. J. were for 
the most part carried out by a method suggested by Dr. Stanley R. Benedict,* 
of the Cornell University Medical College. For the more recent analyses, 
especially those made in connection with the best experiments, a highly 
improved method was used which was devised by Dr. A. W. Peters, of the 
Nutrition Laboratory. After a most careful study of the conditions affecting 
reduction, temperature conditions, and concentration, Dr. Peters developed a 
method using the old FehUng or Allihn solution of copper sulphate and the 
alkaline tartrate, and has determined the amoimt of unreduced copper remain- 
ing in the solution by a titrimetric method. By this means the most accurate 
determinations of sugar are possible, this being without doubt the most exact 
method of sugar determination that has thus far been devised. While the 
method may be readily used in hospital laboratories, it will probably never be 
acceptable for private practice. Inasmuch as it represents the most scientific 
attempt to study quantitatively the method of sugar reduction, it is given 
herewith in considerable detail. For this presentation of the method we are 
indebted to its author. Dr. A. W. Peters. 

A COPPER-REDUCTION METHOD OF SUGAR ANALYSIS (a. W. PETBRS). 

The construction of this method of sugar analysis is based upon preceding 
developments for (1) the accurate volumetric determination of copper in alka- 
line tartrate liquids; (2) the standardization of the heating power used; and (3) 
the determination of constant and controllable conditions for the reduction. 
For more detail reference must be made to the original descriptions.^ When 
the apparatus and reagents have once been prepared a single determination 
occupies from 12 to 15 minutes. 

Thb Hbatino Power. 

A heating apparatus should be set up of such power that it will heat 
60 c.c. of distilled water under described conditions through the temperature 
interval of 35° to 95*^ C. in 120 seconds =*= 5 seconds. The water is placed in an 
Erlenmeyer flask of the best Jena glass, with a capacity of about 200 cm. and a 
basal diameter of about 6 cm., so that the depth of the liquid will be about 18 
mm. The flask is partially closed with a two-hole stopper, one hole of which 



^Dr. S. R. Benedict's method is based upon the reducing action of sugars upon an 
alkaline sulphocyanate solution of copper. See Benedict, Joum. Biol. Chem., 1911, 9, p. 57. 

'Peters, Amos W.. The sources of^error and the electrolytic standardization of the iodide 
method of copper analysis, Joum. Am. Chem. Soc., 1912, 34, pp. 422; and A critical study 
of sugar analysis by copper-reduction methods, Joum. Am. Chem. Soc., 1912, 34, p. 928. 
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carries a thennometer. The thermometer should not have a greater error at 
the boiling-pomt of water than =*= 0.5° C. when the barometric pressure is taken 
into consideration. The lower end of the thermometer should be placed at a 
distance of about 2 mm. from the bottom of the flask and the region of the stem 
above 35° C. should extend above the upper siuiace of the stopper so as to be 
plainly visible. This flask should be placed in the center of a plate of unper- 
forated asbestos gauze carried by a ring-stand so that it can be raised or low- 
ered. The distance between the burner and the asbestos should always fall 
within the limits of 3 to 5 cm., thus avoiding a long flame which would be easily 
affected by air-currents. Room-temperature and freedom from drafts should 
prevail. If the latter condition can not be provided the heating apparatus 
may be wholly or partially protected by a cylindrical hood of sheet metal or 
asbestos. The flask as above described containing 60 c.c. of distilled water 
is placed on the asbestos and the time observed that is required for the mer- 
cury to rise from 35° to 95° C. The rough adjustment to 120 seconds is made 
by regulating the flow of gas so as to change the power of the flame with the 
position of the asbestos constant at 4 cm. The finer adjustment is made by 
moving the asbestos plate toward or away from the burner within the limits of 
3 to 5 cm. The conditions are not properly adjusted until repeated determina- 
tions of the time give constant results within limits of error of only a few 
seconds. At 120 seconds the standard heating power here adopted has been 
established. 

The Process of Reduction. 

The reduction mixtures should be placed in the same kind of flasks, with 
the same stopper, thermometer, etc., and with the same conditions of heating 
power as were used for the standardization of the latter. The volume of the 
reduction mixture is always 60 c.c. It consists of 20 c.c. of Allihn's alkaline 
tartrate solution plus 20 c.c. of Fehling's copper sulphate solution plus 20 c.c. 
of distilled water for a blank determination, or, in the case of sugar analysis, of 
an aqueous sugar solution with enough distilled water added to make a final 
volume of 60 c.c. 

The Fehling-Soxhlet solution contains 34.639 grams of pure crystallized 
copper sulphate in a volume of 500 c.c, but the purity of the copper sulphate 
is more important than its exact weight. Since its correct copper content can 
not with reliability be deduced from the formula CUSO4.5H2O, this value is 
found by means of standardized thiosulphate as described on page 11 for the 
"basis titration." The Allihn alkaline tartrate solution contains 173 grams of 
sodium-potassium tartrate (Rochelle salt) and 125 grams of potassium hydrox- 
ide in a volume of 500 c.c. 

For a determination of sugar the flask containing the reduction mixture is 
placed on the heating apparatus and the time is observed, but in this case the 
reckoning begins only when the thermometer reaches 95° C. The flask should 
stand undisturbed in the center of the asbestos gauze imtil the expiration of 20 
seconds after the temperature of 95° C. has been reached. It is then promptly 
removed, with the stopper and thermometer still in place, and twirled for a few 
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seconds under the tap in order to cool the mixture rapidly, but only to a few 
degrees under the boiling-point, since the mixture is to be filtered hot without 
delay. 

A Gooch crucible should have been previously prepared with a very heavy 
filter, so that suction will draw water through it only slowly. Avery close and 
satisfactory filter may be made by placing a layer of pure talcum powder 
between two layers of asbestos in the Gooch crucible. A good filter may also 
be made by substituting for the crucible a calcium-chloride drying-tube car- 
ried by a one-hole rubber stopper. This is packed first with glass-wool and 
upon this is made, in the bulb of the tube, a very heavy mat of asbestos, which 
may also be made as close as desired by means of talcum. The same filter is 
used many times, the precipitate being removed from it by nitric acid (original 
specific gravity of 1.42) which has been diluted with one-half of its volume of 
distilled water. This requires less time than making a new filter for each deter- 
mination. The suction-flask should have a capacity of about 200 c.c, so that 
a titration on the filtrate can be performed in the suction-flask, thus avoiding a 
transfer of the liquid. Not more than 15 to 20 c.c. of wash-water should be 
used, as it all remains as part of the final volume at the end of titration. This 
volume should not exceed 120 c.c, to which volume the concentration of the 
reagents used for the determination of copper has been adjusted. For the 
inexperienced it is recommended to make a rough measurement of the final 
volume of the liquid obtained at the end of titration. 

The Determination op Reduced Copper. 

The amount of copper that has been reduced under the above conditions is 
a quantitative index of the amount of sugar originally present. The reduced 
copper may be determined directly upon the precipitated cuprous oxide or 
residually by the determination of the amount of copper still remaining un- 
reduced in the alkaUne filtrate. The amount of copper in the filtrate may be 
determined either electrolytically for control or volumetrically by the iodide 
method. For rapidity combined with accuracy the iodide method is recom- 
mended, but only when it has first been controlled for the conditions imder 
which it is to be used. For the alkaline tartrate copper solutions which are 
here used (i. 6., Allihn's alkaline tartrate, etc.) this control has been satisfac- 
torily made. The residual method for the determination of the reduced copper 
may therefore be regarded as certainly the most rapid as well as accurate when 
the iodide method is applied as described in the previous references and under 
the following provisions: 

(1) The thiosulphate solution should have a value between 12.5 and 13 
mg. of copper per cubic centimeter. It should be standardized preferably 
against the same stock solution of copper which is to be used in the sugar 
analyses, and the true copper value of this solution should be determined elec- 
trolytically. If, however, the stock solution is made of chemically pure copper 
sulphate there will be no appreciable difference between the standard value of 
the thiosulphate determined by this electrolytically controlled solution, and the 
value obtained by the nitric-acid-talcum procedure above referred to, using 
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pure metallic copper, which procedure may then be substituted for electrolytic 
determination on the stock solution. The standardization may appropriately 
be made on 20 c.c. of the stock solution, which is the same volume as will be 
used in sugar determinations, and with a final volume at the end of titration in 
no case exceeding 120 c.c. This volume should contain 20 c.c. of concentrated 
acetic acid and about 7 c.c. of saturated solution of pure potassium iodide. 
The thiosulphate value of 20 c.c. of the stock solution of copper sulphate deter- 
mined in simple acetic-acid solution is designated as the "basis titration," and 
is of fundamental importance for subsequently testing the constancy of solu- 
tions and of conditions even when it is not used for the purpose of standardi- 
zation. A solution of pure copper sulphate will remain at a constant standard 
value, but the thiosulphate will change somewhat if much exposed to air and 
especially to light. 

(2) The alkaline filtrates from sugar determinations, whose volume must 
not exceed 76 c.c, should be acidified with concentrated sulphuric acid. The 
amount of acid used should be such that the thiosulphate value of a blank 
determination, in which the unheated reduction mixtiure of 60 c.c. previously 
described contains all the reagents but no sugar, will be identical with the 
"basis titration." This amoimt has been foimd by experiment, as described 
in the previous references, to be 4 c.c. of concentrated sulphiuic acid, but should 
be verified or changed if necessary. 

After the mixture has been acidified and cooled to 20° C, potassium iodide 
is added to the amount of 6 to 7 c.c. of an aqueous solution that is saturated 
at room-temperatiure. The iodine which is evolved is titrated at once with 
thiosulphate, using a solution of soluble starch as an indicator near the close of 
the titration. The end point should be determined by the "spot test," espe- 
cially in the presence of urinary or other coloring matter, and may be verified 
by immediate back titration with a drop of iodine solution of about the same 
concentration as the thiosulphate. 

(3) For the residual method a blank determination is always necessary. 
The assumption that there is no self-reduction of reagents may lead to error, 
although by the present method piu'e and especially freshly prepared reagents 
show a negligibly small self-reduction. The blank value is obtained with the 
reduction mixtiure of 60 c.c. previously described but without the presence of 
sugar. This is heated and filtered and treated in all respects as when a deter- 
mination of sugar is made. From the thiosulphate value of the copper thus 
found imreduced is subtracted the value found in the same way in a subsequent 
sugar analysis. This thiosulphate difference evidently shows the amount of 
reduced copper due to the action of the sugar. The difference may be con- 
verted into miUigrams of copper by means of the standard value of the thiosul- 
phate previously obtained, and the corresponding amount of sugar may be 
found from a table of reduction values. 

The Control of All of the CoNDmoNB. 

All of the conditions of this method and the technique of the operator can 
be controlled by the use of a standard solution of pure dextrose. The results 
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thus obtained are a standard of comparison to determine whether in a given 
case the conditions have been correctly adjusted for the use of the values for 
dextrose which are recorded in table 1. From these controls the values for 50 
and 100 mg. obtained from a 0.5 per cent or 1 per cent standard solution of 
pure dextrose were usually selected for the first tests. The quantities to be 

compared should be the ^^ ratios, as the limits of error of these are evi- 

dent from the table. 



Table 1. — Reduction valuta for dexbroH. 



I. 


II. 


III. 
Dextroae- 


I. 


II. 


III. 
Deztroee* 


D6xtroM. 


Copper. 


copper 
ratio. 1 1 


Dextrose. 


Copper. 


copper 
ntao.* 


ma. 


mg. 




mg. 


mg. 




1 


1.2<k0.13 


0.833 


60 


115.5 


0.520 


2 


2.8<k0.1 


.714 


70 


134.4 


.521 


5 


8.2*0.14 


.610 


80 


152 9 


.523 


8 


13.8*0.1 


.580 


90 


171.0 


.514 


10 


17.4*0.3 


.575 


100 


191 6*0.85 


.522 


15 


27.7*05 


.542 


110 


208.9*0.15 


.527 


20 


37.1*0.2 


.539 


120 


228 1 


.526 


25 


48.1*0.4 


.520 


135 


255.0 


.529 


ao 


57.3*0.05 


.524 


150 


280 8*0.6 


.534 


35 


67.6*0.13 


.518 


165 


306.8 


.538 


40 


76.2*0.1 


.525 


180 


330.5*0.1 


.545 


45 


86.0*0.1 


.523 


200 


349.6 


.572 


50 


96.0*0.5 


.521 


1 







'Averaco tacUH* between 48 and 192 mg. copper. 0.522. 



Dextrose 



This abbreviated table is to be used by means of its q^ ratios, which 

are factors for converting the reduced copper to its corresponding amount 
of dextrose. The most important property of these ratios from a practical 
standpoint is that they change their value slowly in comparison with the 
amoimts of reduced copper to which they pertain. For amounts of reduced 
copper between 48 and 192 mg. no table is necessary, as the ratios fluctuate 
about a mean common factor of 0.522. In all other regions of the table it 
should be observed that the slow change of the ratios will enable the operator 
to interpolate mentally the required ratio for any amount of reduced copper 
lying between two adjacent values of column ii. For the very small amoimts 
of dextrose the third decimal place has no practical significance. 

CALORIMETRIC MEASUREMENTS. 

It is a matter of much regret and no little chagrin that during the greater 
part of the time the new experiments on diabetics were being carried out the 
results obtained with the bed calorimeter were vitiated by some then unknown 
factor, so that the accuracy of the heat measurement in about two-thirds of the 
experiments is seriously questioned. In about one-third of the experiments 
we know the results to be satisfactory and accurate, but we have discarded all 
of the data rather than select arbitrarily one-third of the material for presen- 
tation. 

The index of this inaccuracy is to be found in abnormal relations between 
the carbon-dioxide production, the oxygen consumption, and the heat produc- 
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tion. As has been pointed out in the earlier report,* the relationship between 
the oxygen consumption and calories and the carbon-dioxide production and 
calories was a relatively constant one for diabetics, that is, approximately 3.3 
calories for every gram of oxygen consumed or carbon dioxide produced. On 
the completion of the later experiments it was ascertained that these ratios 
were abnormally low, both for oxygen and for carbon dioxide, while the 
respiratory quotients as finally determined were in full accordance with the 
earUer work. A further examination of the results, together with a series of 
control experiments, showed that the apparatus measured the heat radiated 
from the body most accurately, and the error was finally foimd to be in the 
determination of the water- vapor. It was just at this time that fimdamental 
alterations in the method of determining the water-vapor were being intro- 
duced, and unquestionably the errors in heat measurement can be directly 
ascribed to this. Under these conditions, therefore, we deem it inexpedient to 
discuss in this report the heat as measured, but as all of the control experiments 
point toward the highest degree of accuracy in the measurement of the carbon 
dioxide and oxygen, we can confidently base our discussion upon these two 
factors. Since in an earlier publication the relationships between oxygen con- 
sumption, carbon-dioxide production, and heat production were so thoroughly 
studied, and since these well-known relationships play an important r61e in 
so-called "indirect calorimetry," the data for the gaseous exchange in this new 
series of experiments have an increased significance. 



^Benedict and Joslin, loc, cU.j p. 219. 
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STATISTICS OF EXPERIMENTS ON THE METABOLISM OF DIABETICS. 

These experiments were all made with patients from the private practice 
of one of us. Frequently the patients were placed in the New England 
Deaconess Hospital, within a short distance of the laboratory, and the diet 
strictly controlled. Others lived in or near Boston and made periodic visits 
to the laboratory for experimental purposes. 

CLASSIFICATION OF CASES. 

The cases were divided into groups with particular reference to severe, 
moderately severe, and light diabetes. The basis for this classification has 
been essentially that outlined in om* previous publication, namely, under severe 
diabetes were classed all those who failed to become sugar-free, even though all 
carbohydrates except the green vegetables were excluded from the diet, or 
those who became temporarily sugar-free upon vegetable days which were fol- 
lowed by a low quantity of protein in the diet. The cases in this group invari- 

Tablb 2. — Description of cases used in the studies on diabetes. 



No. of 



230 
283 
349 
319 
373 
201 

235 

810 
295 
289 
210 



177 
2S1 
194 
441 
871 
844 

830 
881 
832 
320 



S17 



Desig- 
nation 
of 



A 
B 

D 
E 
F 



H 

I 

J 

K 

L 

M 

N 

O 

P 

I 

a 

T 
U 
V 

w 

X 



Sez. 



M. 
F. 
M. 
M. 
M. 
M. 



F. 

M. 

M. 

M. 

M. 

M. 

M. 

F. 

M. 

M. 

M. 

M. 

M. 

F. 

M. 

P. 

M. 



Ago St 
onset. 



Onaet. 



Present condition. 



39 
39 
28 
31 
17 
22 

31 

17 
13 
18 
44 
21 
47 
12 
13 
19 
13 
40 

40 
41 
85 
35 
16 
82 



Gradual, 1900 1 Died, Aog. 24, 1910 

Gradual, Deo. 1908 Died, ooma, Apr. 13, 1910. 

Acute, Sept. 1906 ; Died, ooma. Dee. 8, 1909. 

Mar. 1909 Died, ooma, Jan. 13,1910. 

Sept. 1907 < Died, ooma, Oct. 13, 1909. 

Jan. 1906 Died, pneumonia (?), Feb. 1910 

Transitory glycosuria, Jan. 1901 ; 



final onset, Jan. 1905. 



Died, ooma, ICay 4, 1910. 



1889 t ^>^' ooTD^ May 3, 1910. 

1900 Died, May 1912 

Feb. 1908 ' Died, Sept. 17,1912. 

Nov.1907 ~ " 

July IMS 

IMS 

July 1909.*.' 

Feb. 1908 

Dec. 1910 

Sept. 1909 

Nov.1903 



Died, ooma. Nov. 4, 1910 

ActlTewerk,N«?.11, 1912 

Actfre werk, N«?. 11, 1912 

Died, ooma, Feb. 10, 1911 

Died, ooma, Dec. 10, 1910 

Died, ooma, Nov. 5, 1911 

Died, ooma. Mar. 14, 1911 

Died, pulmonary tuberculosis. 

Mar. 14. 1912 

1899 1 Died, ooma, Oct. 19, 1910 



Sept. 1908. 
Apr. 1909. 
July 1909.. 
N«?. 1908. 
July 1908., 



Died, ooma. Mar. 5, 1911. 
Died, ooma, Aug. 11, 1911. 

Died, Feb. 0. 1911 

CemferteUs, N«?. 11, 1912 
Cemf^rtaUs, May 8, 1912. . 



Duration. 



yra. miM. 
10 .. 



4 
8 
10 
1 
1 
4 



1 
1 

• • 

2 

2 

9 
or 

6 4 
21 .. 
12 .. 

4 7 

3 .. 

4 4 
12 .. 

1 7 

2 10 
.. 11 

1 



8 
11 
2 
2 
1 
4 
8 10 





4 
7 



ably showed a minus carbohydrate balance when the diet was considerably 
restricted. The second criterion for determining the severity of the case was 
the presence of an acidosis. Under moderately severe diabetes were classed 
those who became sugar-free and showed a positive carbohydrate balance, or 
with whom the acidosis was either very slight or absent. Only one case of 
light diabetes was included in the study. This was a fat man, Case M, who 

15 



16 



BiETABOLISM IN BEVERB DIABETES. 



was able to assimilate at least 100 grains of carbohydrate per day. The num- 
ber of cases of moderately severe and light diabetes are so few as to make them 
a secondary consideration in this discussion. A brief description of the cases 
is given in table 2. 

DIET. 

The diet of the patient was arranged in accordance with that described 
in the previous report/ By strict diet is meant foods containing no carbo- 
hydrates such as meat, fish, eggs, and their derivatives, oil, butter, coffee, 
and tea. The vegetables used contained varying amoimts of carbohydrates, 
ranging between 5 and 10 per cent; but the total amount of carbohydrates 
given during the day in the form of cooked and uncooked vegetables closely 
approximated and is estimated at 10 grams. 

LIST OF EXPERIMENTS WITH DIABETICS. 

The experimental data from which the deductions in this book are drawn 
were obtained from a large number of cases with a considerable number of 
experiments. A list of the experiments in the second series, together with the 
number of periods, is given in table 3. 

Table 3. — lAst of experimenia with diabetics lying in bed, 1910-1911, 



Case. 


Calorimeter. 


Respiration apparatus. 


Withoat food. 


With food. 


Withoat food. 


With food. 


No. of 
experi- 
ments. 


No. of 
periods. 


No. of 

• 

experi- 
ments. 


No. of 
periods. 


No. of 
experi- 
ments. 


No. of 
periods. 


No. of 
experi- 
ments. 


No. of 
periods. 


A 

H 

I 

K 

L 

M 

N 

O 

P 

t::::: 

8 

T 

U 

v 

w 

X 

Total.. 


• • • 

1 
1 

• • • 

• • • 

1 

7 

• • • 

1 
2 
1 

• ■ • 

2 
2 

• • • 


• • • 

3 
2 

• . . 

• • • 

3 
21 

• • « 

2 

• • • 

4 

• • • 


• • • 

• • • 

• • • 

• • « 

• • • 

• • • 

1 

• • • 

2 
2 

• • ■ 

• • • 

• • • 

1 

• • • 

• • • 

• « • 


• ■ • 

• • • 

• • • 

• • • 
« • • 

• • • 

3 

« • • 

6 

• • • 
■ ■ • 

4 

• • • 

• • • 

• • • 


• • • 

• • • 

3 

• . • 

3 
5 

• • • 
■ • • 

1 

• • ■ 

4 
1 
2 
1 


3 

• • • 

• • « 

7 
3 

4 

« • « 

14 

• • • 

• • • 

3 

• • • 

10 
5 
7 
8 


• • • 

• • • 

• > • 

i' 

• • • 

1 

2 
« 

• • • 

3 
1 

• • « 

7 

• • • 

• • • 


• • • 

• • • 

• • • 

3 

• ■ • 

1 

8 

27 

• . • 

4 
4 

• • • 

31 

• • • 

• • • 


21 


62 


« 


19 


23 


95 


21 


78 



* These expeiimeots with Case X were noado with the sabject sitting in the chair calorimeter. 

As an indication of the amount of experimental material available for 
deductions, a summarized list of all our experiments to date is also given in 
table 4. 

> Benedict and Joslin, loc. cit.^ p. 29. 
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Table 4. — Experiment with diabetica, 1908-1911. 





1908-1910 
(13 cases). 


1910-1911 
(17 cases). 


1908-1911 
(24 cases).i 


No. of 
experi- 
ments. 


No. of 
periods. 


No. of 
experi- 
ments. 


No. of 
periods. 


No. of 
experi- 
ments. 


No. of 
periods. 


Subjects sitting in chair calorimeter: 
Without food 


30 
14 

11 

• • 

26 

« • 


10« 
45 

37 

» • • 

102 

• • • 


8 

■ • 

18 
6 

23 
21 


9 

• • 

53 
19 

65 

78 


33 
14 

29 
6 

49 
21 


115 
45 

90 
19 

167 

78 


With food 


Subjects lyinf in bed calorimeter: 
Without food 


With food 


Respiration u)paratu8 (lying): 


With food 





^Experiments with six of these cases are reported both in this publication and in Publication No. 136. 

CASE A. 



DESCRIPTION OF THE CASE. 

Male; bom May 2, 1860; single; traveling salesman; developed diabetes in 
1900; came under our observation in October 1908; (iied August 24, 1910. 
Full details regarding the history of this case and its treatment previous to 1910 
may be found in an earlier publication.^ 

Later history of the case, — During the winter of 190^10 the patient was in 
a comfortable condition, and on March 1, 1910 felt quite well. He reported at 
this time that he had been able to work and that his friends considered that he 
looked better than he had for two years. The quantity of urine varied from 
2.5 to 3 liters. His diet contained approximately 60 grams of carbohydrate, 
with 8 grams of sodium bicarbonate. In June 1910 abscesses developed in the 
right ear, and later a furuncle in the occipital region. In the latter part of 
July there was considerable edema of the right ankle, but this decreased when 
the sodium bicarbonate was discontinued in the early part of August. In this 
month the diet was relaxed considerably, the patient eating cantaloupe and 
watermelon at noon and peaches at night. Constipation was a troublesome 
S3rmptom, but the strength was fairly good. A physical examination made 
August 5 showed a weight of 48.6 kilos, without clothes; temperature, 99.1® F. ; 
blood-pressure, 150; pulse-rate, 108; heart of normal size and free from mur- 
murs; liver not enlarged; pupils equal and reacting to light; knee-jerks normal; 
moderate edema of the ankles. In the upper right chest a few rdles could be 
beard extending down to about the fourth interspace. There was also a slight 
cough. Later, August 8, 1910, the findings in the chest were confirmed. The 
patient was last seen on August 22, 1910, soon after his return from a visit in 
the country, during which he had suffered from gastric indigestion. As a 
result of this he had ceased eating, omitted the sodium bicarbonate, and symp- 
toms of coma appeared, as was evident from his report of difficult breathing 
upon August 20. He was slightly more comfortable on August 22, but air- 
hunger was manifest. At this time the pulse-rate was 100, the temperature 
normal; the acetone odor was absent from the breath. The patient died on 
August 24, 1910. 

Urine data, — Only a few observations were made of the urine, and unfor- 
tunately these are not of great significance, as the patient's diet was not under 

'Benedict and Joslin, Metabolism in diabetes mellitus, Gamete Institution of Wash- 
ington Publication No. 136, 1910, p. 36. 
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control. August 4-6, 1910, the specific gravity was 1.024, with diacetic acid 
present,0.11 per cent of ammonia, 0.36 per cent of nitrogen, and 2.8 per cent of 
sugar by copper reduction and 2 per cent by rotation. August 9-10, 1910, the 
total amount of urine was 1625 c.c. with 5.64 grams of nitrogen and 64.3 grams 
of sugar. August 10-11, 1910, the total amount of urine was 1380 c.c, with a 
slight trace of albumen, and 3 per cent (41 grams) of sugar. Diacetic acid was 
also present. The reaction was acid in all instances. The acidosis at this time 
was far less than during most of the year 1909, and much of October and 
November 1908. The decrease in sugar and in ammonia may bear a relation 
to the development of active tuberculosis in the lungs. Case R is, however, a 
more striking example of this feature. 

EXPERIMENTS WITH CASE A. 

In the previous publication, 16 calorimeter experiments were reported with 
this subject. In all but one of these the chair calorimeter was used. The 
only experiment with the subject reported here is a respiration experiment. 
The vital statistics are as follows: 

Date of birth, May 2, 1860; height, 171 cm.; body-weight without cloth- 
ing during experiment, 46.1 kilos. 

Respiration Experiment No. A1. 

Date, August 10, 1910. Body-weight without clothing, 46.1 kilos. 

The subject came to the laboratory the morning of the experiment, fasting, 
and lay down upon the couch at 8** 05™ a. m. The experiment began at 8** 26™ 
a. m., continuing for three periods, 11 to 15 minutes in length, with intermis- 
sions of 15 and 20 minut^. The experiment was without incident. The 
results are given in table 5. 

Table 5. — Results of respiration experiment No. Al, 



Date and time. 


Duration. 


Carbon 

dioxide 

eliminated 

per minute. 


Ozysen 

abeorbed 

per minute. 


Respiratory 
quotient. 


Average 
pulse- 
rate. 


Avera^ 

respiration 

rate. 


Aus. 10. 1910: 
8*'20"a.m 

8 52 a.m 

9 26 a.m 

Averace 


min. aee. 
10 47 
13 49 
15 7 


e.c. 
136 
133 
131 


e.e. 

« • • • 

189 
187 


■ • • • 

0.71 
.70 


71 
68 
68 


13 
13 
13 




U33 


U88 


.71 


69 


13 







1 Carbon dioxide eliminated per kilogram per minute. 2.89 c.c. ; oyxxm absorbed per kilogram per minute, 4.06 c.o. 

CASE B. 
DESCRIPTION OF THE CASE. 

Female; bom September 9, 1869; married; doing her own housework; first 
recognized s3rmptoins of diabetes mellitus at the age of 39, December 25, 
1908; came under our observation September 1909; died in coma April 13, 
1910. 

The earUer history of this case, with the results of experiments made with 
her, has previously been published.^ No further metabolism experiments 
have been made with this subject. The patient gradually failed during the 
spring of 1910. Her weight on leaving the hospital March 3, 1910, was 40.7 

^Benedict and Joslin, loc. cit,, p. 61. 
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kilos., without clothes. During the latter part of March she was troubled with 
indigestion for which her physician gave calomel, and a sore mouth resulted. 
She continued to lose flesh, had considerable distress from food, with anorexia 
and sleepiness. April 1, 1910, moderate jaimdice developed, and she died in 
coma upon April 13, 1910. Death was preceded by a conviilsion, which was 
followed by hemiplegia. The urine was not examined after March 1, 1910. 

CASE G. 

DESCRIPTION OF THE CASE. 

Male; bom December 1874; married; broker; sugar in urine, January 3, 
1901; came under our observation February 13, 1909, but the case had pre- 
viously been closely studied for many years; died in coma May 4, 1910. 

Full details regarding the history of the case and the results of the three 
calorimeter experiments made with him have been given in the earlier publica- 
tion.^ No new experiments were made with this subject. During the succes- 
sive 15 months he gradually failed, despite an increase of carbohydrates in his 
diet up to 100 grams and large doses of sodium bicarbonate. The urine 
remained acid in reaction imtil death. Albumen was present on May 2, 1910. 
The urinary record is given in table 6. 

Table 6. — Clinical chart — Ca^e G, 



Date. 


Volume 
ofuriiie. 


Spedfio 
gravity. 


Nitrofen. 




Sugar by 

oopper 

reduction. 


Carbo- 
hydrates 
in diet. 


Carbo- 
hydrate 
balance. 


Sodium 
bicar- 
bonate. 


Bodv 

weight 

without 

clothing. 


Total. 


NHa-N 
Total N 


1900. 

Apr. 5 

Oct. 23 

1910. 
May2 


e.e. 

5900 

5190 

0240 


1027 
1027 

1019 


gmt. 
18.1 
20.0 

23.8 


gtrtM. 
2.8 
8.4 

5.2 


p. et. 
11 8 
14.0 

18.0 


gnii. 
183 
151 

157 


gtrtM. 
103 
10* 

• • • 


gm§. 
-80 

• • • 

• • • 


gnu. ' kiloM. 
45 ' 69.5 
45 58.0 

75 (>) 



iWeight without clothing. Apr. 20. 1910. 53.1 kilos. 



CASE H. 



DESCRIPTION OF THE CASE. 



Female; bom May 19, 1872; single; nurse; developed diabetes at 17 years 
of age; sugar found in urine at 20 years of age; came under our observation 
January 17, 1910; died in coma May 3, 1910. The details of the history of this 
case may be foimd in the earlier publication previously referred to.* 

Later history of the case. — During the spring of 1910 the patient continued 
her occupation as superintendent of nurses of a large out-patient department 
for tuberculosis. Fair health and strength were maintained. On March 25 
the patient had a body-weight of 54.5 kilos., and was reported as being better 
than she had been for years. On April 11 an examination showed that the 
limgs were normal, but the patient was suffering from pains in the legs. The 
urine was pale in color, acid in reaction, and with a very slight trace of dbumen. 
The urinary record is given in table 7. 

The patient suddenly decided to go to Europe and would not be dis- 
suaded. On the first day out, as rough weather was encountered, she became 
seasick, and for the next three days was unable to take food; thereupon coma 
developed and death ensued May 3, 1910. Attention is called to the similar 
period of starvation preceding coma which took place in Case A. It would 

1 Benedict and Joslin, loc,cU,p, III. * Benedict and Joslin, loc, cU,, p. 118. 
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appear that whenever the store of available carbohydrates in the body is 
exhausted, coma develops. For this reason carefully instructed diabetic pa- 
tients are cautioned to guard against sudden inroads upon their scanty store 
of glycogen by increasing the quantity of carbohydrates in their diet whenever 
signs of indisposition appear. These patients, Case A and especially Case H, 
knew this rule, but they were unable to retain any food. 

Table 7. — Clinical chart — Case H, 



Date. 


Volume 
of orine. 


Speoifio 
gravity. 


Diaoetio 
acid. 


Nitrocen. 


Sugar. 


hydrate 
in diet. 


By copper 
redaction. 


Byrota- 
tioa. 


1910. 
Mar. 22-23 


e.e. 
3600 
8900 
3420 
2970 

880 


• • • • 

1023 
1024 

• • • ■ 

• t • • 


+ 
+ 
+ 

• • • • 

• • • • 


gm§. 

• • • • 

15.2 

10.7 

12.8 

2.7 


gnu. 

« • ■ • 

140 

135 

104 

28 


gnu. 
130 
140 
123 

• • > ■ 

• • • • 


gnu. 

• • » • 

100* 

• • • • 

• • • • 

• • • • 


24-25 > 

Apr. lO-ll 


21-22 


22» 





^Ammonia, 3.1 gms.; _, . ^ *18.8 per cent.; NaHCOt takeo, 4 to 8 gma. > From 7 a.m. to 1 p.m. 

EXPERIMENTS WITH CASE H. 

Five calorimeter experiments and one respiration experiment with this 
subject were reported in the previous publication. One experiment with the 
bed calorimeter is reported here. The vital statistics were as follows: 

Date of birth, May 19, 1872; height, 159 cm.; body-weight without 
clothing during experiment, 54.1 kilos. 

Table 8. — Measwremenls of metabolum, — Calorimeter experiment No. HI, 



Date and period. 


Carbon dioxide 
eliminated. 


Oxygen 
absorbed. 


Respi. 

ratory 

quotient. 


Average 
pulse- 
rate. 


Averace 
respira- 
tion rate. 


Total. 


Per 

minute. 


Total. 


Per 

minute. 


Apr. 22, IJIO: 

igh 2301 a.m. to 10*» 28P» a.m. . . . 

10 23 a.m. 11 23 a.m 

11 23 a.m. 12 29 p.m.... 

Total, 3 hrs. 6 mins.* 


gnu. 
18.8 
20.0 
20.8 


e.c. 
158 
170 
181 


gnu. 
17.2 
19.6 
20.3 


c.e. 
201 
228 
215 


0.79 
.74 
.75 


87 
85 
86 


23 
23 
23 


69.4 


163 


57.1 


215 


0.76 


86 


23 





* Subject drank a cup of black coffee at 7 a.m. 

*Carbon dioxide eliminated per kilogram per minute, 3.01 e.c; oxygen absorbed per kilogram per minute. 3.97 e.c. 
The urine collected between 7 a. m. and 1 p. m. amoonted to 860 e.c. and contained 2.73 grams of nitrogen 
and 25.6 grams of sugar. Sublingual body-temperature at beginning, 9S.i9 F.; at end 98.2* F. 

Calorimeter Experibcbnt No. HI. 

Date, April 22, 1910. Body-weight without clothing, 54.1 kilos. 

On the day of the experiment the subject ate no breakfast before coming 
to the laboratory, taking only a cupful of black coflfee at 7 a. m. Her evening 
meal the day before, which was taken at 7 o'clock, consisted of shad with roe, 
one French roll, and Romaine salad with French dressing. At 10 p. m. the 
same day she took one-half pint of heavy cream and 4 ounces of wine. 

She reached the laboratory at 8** 03™ a. m., and entered the bed calorimeter 
at 8** 26"* a. m. The experiment began at 9** 23°" a. m., continuing for three 
1-hour periods, the last period being extended 6 minutes in order to secure favor- 
able temperature conditions. The experiment ended at 12*> 29" p. m. After 



STATISTICS OF EXPEBIMENTS. 



21 



the experiment the subject said that throughout the whole experimental period 
there was a great pressure on the bladder. This doubtless was the cause of the 
uneasiness shown by the subject as indicated by the calorimeter temperature 
fluctuations. The measurements of the metabolism and data regarding the 
pulse and respiration rates and urine are given in table 8. 

CASE I. 

DESCRIPTION OF THE CASE. 

Male; born February 2, 1886; married; chauffeur; date of onset not known, 
but probably some time in 1900; sugar foimd in urine May 1902, with indica- 
tions that it had been present for some time; came imder our observation 
October 25, 1909; died May 1912. The earlier details of the case have pre- 
viously been published in full.^ 

An attack of influenza in the spring of 1910 reduced the strength of the 
patient materially, yet he recovered suflSciently to go into the poultry business 

Table 9. — Clinical chart — Case I, 



Date. 



Volume 

of 
urine. 



1011. 
Feb. 17-18.. 

18-19.. 

10-20.. 

20-21.. 

21-22. . 

22-23.. 

2»-24. 

24-25.. 
Oct. 2- 3.. 

1012. 
Feb. 0-10.. 

10-11.. 

11-12.. 

12-13.. 

13-14.. 

14-15.. 



c.e. 

870= 

000^ 

2220 

1950 

2160 

2070 

25S5 

1630 

6000 

•2040 
2745 
3150 
2910 
2010+ 
1320 



Specific 
gravity. 



1035 
1038 
1036 
1035 
1035 
1035 
1036 
1037 
1038 

1036 
1032 
1030 
1028 
1026 



Diaoetio 
acid. 



but^c 
acid. 



Nitro- 
gen. 



Ammonia. 





+ 





SI.+ 

8I.+ 

"" 




I 



gmi. 



4.5 
5.0 
4.8 

3.8 





++++ 
+++++ 
+++++ 



gfn§. 



10.6 
11.4 
13.6 

8.3 
25.8 



14.8 

13.4 

0.6 



Total. 



gms. 

• • • 

• • • 

i'.6 

• • • 

2.2 

• • • 

2.2 
i!4 

i:3+ 



Sugar 
by ro- 

NHt— N , tation. 

Total N 



p. ct. 

• > • ■ 

• • • • 

• • • • 

12.4 
i3!3 

• • • • 

7.0 



11.1 



gma. 

»6.4 

16.4 

•147 

n33 

143 

128 

164 

117 

H20 

130 
154 
158 
116 

76 

• ■ • • 



Carbo- 


Carbo- 


hydrates 


hydrate 


in diet. 


balance. 




(•) 


gnu. 


gmi. 


2i5:^ 




210 


*+ 60 


230 


<+ 05 


185 


+ 40 


180 


+ 50 


175 


+ 10 


155 

• ■ • 


+ 40 


175-1 


+ 35 


200 1^ 


+ 45 


200* 


+ 40 


200 =fc 


+ 85 


200* 


+125 


200=*= 





NaHCOj 



gma. 

• • 












12 
12 
12 
12 
12 
4 



Body- 
weight 

with- 
out 
clothes. 



kiloa. 



40.0 



30.4 
30.3 



iper cent. > Sugar by fermeotation, Feb. 10-20, 151 gma.; Feb. 20-21, 135 gma. > By Fehling's method, 480 gms. 

* Calculated from fermentation record. 

* Sediment showed fine and coarse granular oasts. Quantities of urine inaccurate, as patien t had so many involuntary 

stools. 
•The data regarding the urine for this subject can not be considered reliable, as it was impossible to make a careful 
ooUeotion, owing to diarrhea. If such collection had been made, it is probable that this subject would 
have shown a minus carbohydrate balance, as he did in the period covered by data published in the first 
report (Publication No. 136, p. 127). 

and care for some 70 hens. His diet was not limited and included, among other 
articles, 2 quarts of milk, 6 oranges, and 10 eggs daily. In February 1911, 
he returned to the hospital on account of diarrhea which had existed for some 
time. Under hospital care the number of stools decreased from 12 to 5 daily 
and his condition improved. The physical examination remained the same. 
The patient's condition did not change during 1911. In the early winter 
he went to Tampa, Florida, and found the climate agreeable, but in February 
1912, as the diarrhea had returned, he again went to the hospital for a few days. 
Except for emaciation and weakness and the presence of numerous furuncles, 
his condition had changed but little since his previous visit to the hospital. He 
was much relieved by the rest and soon returned home. In April 1912 he 
was considerably weakened by a carbuncle. Attention is called to the remark- 
able duration of this case, as well as of Case H, and to the hereditary history of 
diabetes of each. 



'Benedict and Joslin, loc, cU,f p. 126. 
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The urinary record is given in table 9. The records for October 1911 
show probably a far nearer approach to the patient's average urinary excretion 
than the quantities recorded in the hospital. During his stay in the hospital 
the amount of urine excreted was low, owing to the diarrhea, and possibly 
because of restrictions in diet, while in October 1911 he was absolutely his 
own master. The low acidosis is notable and can in a measure be explained by 
the liberal allowance of carbohydrates in the diet. The reaction of the urine 
was acid throughout the whole period of observation, and there was but a 
slight trace of albumen. 

EXPERIMENTS WITH CASE I. 

Two experiments were reported with this subject in the previous publica- 
tion; one additional experiment is reported here, for which the bed calorimeter 
was used. The vital statistics for this subject are as follows : 

Date of birth, February 2, 1886; height, 176 cm.; body-weight without 
clothing during experiment, 40.0 kilos. 

Table 10. — MecisuremerUa of metabolism — Calorimeter experiment No, 1 1. 



Date and period. 


Carbon dioxide 
eliminated. 


Oxyson. 
absorbed. 


Respi- 

ratory 

quotient. 


Average 
pulse- 
rate. 


Average 

reopira- 

ti(»rate. 


Total. 


Per 
minute. 


Total. 


Per 
minute. 


Fob. 23. 1011: 

» 9i> 82«n a.m. to 10»» 17n» a.m 

10 17 a-m. 11 02 a.m 

Total 1 hr. 80 mins.* 


gnu. 
15.7 
14.8 


c.e. 
177 
108 


gma. 
15.6 
15.4 


c.e. 
242 
240 


0.78 
.70 


120 
120 


10 
10 


30.5 


173 


31.0 


241 


.72 


120 


10 





1 Subject drank a cup of clear coffee without su^ at 7** 50™ a.m. 

' Carbcm dioxide eliminated per kitogram per minute. 4.33 c.e; oxygoi absorbed per kilogram per minute. 0.03 c.c. 

Calobimeteb Experiment No. Ii. 

Date, February 23, 1911. Body-weight without clothing, 40.0 kilos. 

Previous to this experiment the subject had taken no food since the even- 
ing meal of the day before, with the exception of a cupful of clear coflfee, with- 
out sugar, at 7** 50°* a. m. He arrived at the laboratory at 8** 05" a. m., and 
entered the bed calorimeter in readiness for the experiment at 8** 53"* a. m. 
The experiment began at 9** 32°* a. m., continuing for two 45-minute periods. 

Table 11. — Stalistica of urine — Calorimeter experiment No. 1 1 . 



Date and period. 


Volume. 


Specific 
gravity. 


Total 
nitrogen. 


Sugar. 


Feb. 23, 1011: 

»7*»00"a.m. to 8*»16"a.m 

8 15 a.m. 11 15 a.m 


c.e. 
133 
112 


1.036 
1.037 


gms. 

0.82 

.80 


gms. 
7.8 
6.0 



^Subject drank a cup of clear coffee at 7^ 50™ a.m., without sugar. 

ending at ll*' 02°* a. m. The subject telephoned twice during the experiment, 
once at the beginning of the first period and again in the second period, at 
10*» 40"* a. m., when he asked how much longer he would have to stay in the 
calorimeter. Aside from this he lay very quietly. As the chair calorimeter 
had been used in the previous experiments with this subject, this was his first 
experience with the bed calorimeter. He said that he did not find the experi- 
ment especially irksome, except that Ijdng still in one position so long made his 
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back tired. The subject urinated at 7 a. m. before coining to the laboratory, 
and again at S^ 15" a. m. He defecated at 8** 45™ a. m., the feces being copious, 
watery, and light-colored. Immediately after the experiment was over he 
defecated again at 11** 15"* a. m. No water was taken during the experiment 
The measurements of the metabolism and urine are given in tables 10 and 11. 

CASE J. 

DESCRIPTION OF THE CASE. 

Male; bom March 26, 1889; single; no occupation; onset of diabetes, 
February 1908; sugar in urine 10 days later; came under our observation Sep- 
tember 24, 190®; died, September 17, 1912. The earlier history of this case 
has already been published.* 

Later history of the case. — No experiments have been made with this sub- 
ject other than those previously published. From February 23, 1910, imtil 
August 25, 1910, inclusive, the patient remained comfortable. Upon two 
occasions the effect of oatmeal was tried. In the first trial, July 20-23, 1910, 
inclusive, the initial day was a vegetable day; upon the two subsequent days 
180 grams of carbohydrates were given each day in the form of oatmeal. A 
positive carbohydrate balance of 55 and 40 grams respectively was obtained in 
contrast with a positive carbohydrate balance of 5 grams upon the vegetable 

Table 12. — CUnical chart — Case J, 



Date. 



• 



o 
> 



1910. 
Mar. 17-18. . 

27-28.. 

28-29.. 

Am". 15-15... 

May 29-30.. 

July 1-2... 

20-21» «. 

21-22» «. 

22-23>«. 
Auf. 22-231 «. 

23-24>». 

24-25' •• 



ex. 
2820 
3240 
3240 
2160 
1800 
1800 
2370 
2640 
2910 
1980 
2490 
1590 



! 

o 

I 



1025 



1016 
1022 
1031 
1033 
1020 
1023 
1034 
1023 
1027 
1027 



1 
•J 



+ 



gtnM. 
19.1 
10.1 



++; 

' 
Sl.-f 

+ 
++ 


SI.+ 

++ 
+++ 



5.3 
7.8 
9.6 
6.2 
8.8 



Ammonia. 



om». 



3.6 



3.5 



1.1 



I 

n 



ZfH 



27.4 
22.6 
10.3 



Sosar. 






gmt. 
42 
33 

+ 
+ 
+ 

• • • • 

+ 
125 
142 

32 
111 

28 



g 

I 

PQ 



gmi. 
56 

• • • 

19 
43 
40 
50 
14 
106 
122 
20 
95 
16 



Diet. 



OS'S 

o 



gtnM. 
16 

• • • • 

18 

21 

30 

20 

18 
180 
180 

35 
180 

40 



S. 



gmt. 



12 
43 
43 
12 
43 
90 



gnu. 



2 
5 
5 
2 
7 
15 



cS 
fa 



gmt. 



• • • • 



144 
144 
160 1^ 
170-^ 
170 «*> 



gmt. 



12 
12 
12 
12 
12 
6 



2272 
2272 
1712 
2506 
2092 



I 

a 

Is 

I 



gm». 
-25 



+ 5 
+55 
-HO 
+ 5 
+70 
+10 



• mm 

ll 






kiU>$. 



54.5 
54.5 
54.0 
54.0 
54.5 
54.5 

54!6 
54.5 



' 8 grama of sodiom bicarbonate ci ven. * Vegetable day. 

* Oatmeal day, 270 gms. oatmeaT 19D nma. butter, beef tea. 120 gma. wine. 

*750 gms. 5 per oent.+6 per cent vegetables, 875 c.c. cream, 105 gms. butter, oil, beef extract, 120 gms. wine. 
*270 gms. oatmeal, 180 gms. butter, 125 c.c. cream, beef extract, 120 cms. wine. Feeling quite well. 
•2 eggs, bacon, ttSOgms. vegetables 5. 6, 10 per ocoit, 60 gms. pineapple, 300 gms. meat, 30 gms. oil. 375 c.c. 
cream, 90 gms. butter, 60 gms. wine. 

day. The second experiment was made August 22-25, 1910, inclusive. The 
first day was a vegetable day with 375 c.c. of cream ; the second day an oatmeal 
day in which 180 grams of carbohydrate were taken in the form of oatmeal; 
on the third day approximately 40 grams of carbohydrate, 90 grams of pro- 
tein, 6 grams of alcohol, and 170 grams of fat were eaten. The oatmeal pro- 
duced a positive carbohydrate balance of 70 grams. Upon the vegetable day 
preceding the oatmeal day the carbohydrate balance was 10 grams. The 
urinary record for this case is given in table 12. The reaction for the urine was 
acid throughout. On April 16 and in the July observations the slightest pos- 
sible trace of albumen was found. In the August observations, however, this 
had disappeared. 



^Benedict and Joslin, loc. cit., p. 131. 
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CASE K. 
DESCRIPTION OF THE CASE. 

Male; bom June 1863; widower; undertaker; onset of diabetes, November 
1907; came imder our observation August 19, 1908; died in coma November 4, 
1910. The early history of the case has previously been published.^ 

On February 24, 1910, the patient reported himself as feeling very well. 
The quantity of urine was said to be 2000 c.c. 

On March 26, 1910, he said that his face felt alternately flushed or numb, 
and he suffered from both polyphagia and polydipsia. Although on the day 
previous he had had diarrhea, he was constipated on this day. He was just 
recovering from an attack of the grippe, from which he had been suffering six 
weeks. A physical examination on ttus date gave the following results : Lungs 
normal; heart, both first and second sounds at the left border of the sternum 
prolonged; blood-pressure, 115; pulse-rate, 84. 

In July 1910, he again entered the hospital. There appeared to be no 
particular change in his condition, except a loss in weight. His diet had been 
lax, and he said that he felt better than when on a strict diet. On November 4, 
1910, the patient died, having been in coma for about 28 hours. Except for 
complaints of headache during the previous week, no especial change had been 
noted in his condition. 

The data regarding the urine from March 22 to August 24, 1910, inclusive, 

are given in table 13. At the times of these observations the urine gave an 

acid reaction. Very slight traces of albumen were found from July 24 to 28, 

but none later. 

Table IZ.— Clinical chart— Case K, 



Date. 



1910. 

Mar.22-23 

Mar.25-2« 

July 24-26 

July 25-26 » 

July 26-27 

July 27-28 

July 28-29 

Inly 29-30 

July 30-31 

July 31-Auc. 1... 

Aug. 1-2 

Aac.2-3 

Aug. 23-24 



o 

a 

a 
> 



e.c. 
2750 
2750 
4500 
2920 
2550 
2440 
3030 
4860 
4560 
3600 
5580 
4400 
5000 



t 

o 

va 

I 

CO 



1033 
1031 
1029 
1031 
1031 
1081 
1030 



1026 
1030 
1028 
1030 



s 



81.+ 

81.+ 



+ 

++ 

++ 

++++ 



+++ 
++ 



§ 

I 

9 

I 



gm8. 



• ■ • • 

• • • • 

86!3 
22.0 



gma. 



25.3 
12.0 
14.8 
16.0 
15.6 
20.1 
24.0 
17.6 
17.7 
17.6 
23.1 



Ammonia. 



I 



gnu. 



i£ 



p. et. 

• • • • 

• • • • 

27!2 
20.8 



16.9 



Sogar. 



gms. 



213 
186 
142 
128 
175 
197 
188 
122 
268 
188 
245 



s 

s 
a 
>% 

pa 



gmM. 
138 
116 
180 
«175 
122 
98 
152 



115 

185 

240 



I 



.a 

I 



gnu. 



60 
50 
50 
65 

50 
40 
55 
50 



o 
.9 

J 



gma. 



12 
12 
12 
18 

18 
18 
18 
18 



c9 

a 



gmM 



' 80 
80 
-125 
140 
-140 
- 80 
-215 
-140 



eS 




gma. 






12 
12 
20 
20 
20 
20 
20 



kUoi. 



56.1 
55.6 

• • • • 

65.6 



iFor 19 bra., from 12 nooo July 25 to 7 a.m. July 26. 



*By fermeotatioQ method, 178 gma. 



EXPERIMENTS WITH CASE K. 

One calorimeter experiment and one respiration experiment with this sub- 
ject were reported in the previous publication. These were both fasting exper- 
iments, the chair calorimeter being used in the calorimeter experiment. In 
this publication three respiration experiments are reported. The vital statis- 
tics are as follows: 

Date of birth, June 1863; height, 180 cm.; body-weight without clothing 
during experiments, 55.6 kilos. 



^Benedict and Joslin, loc, cit., p. 139. 
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Respiration Experiment No. KI. 

Date July 27, 1910. Body-weight without clothing, 55.6 kilos. 

The subject came to the laboratory fasting, having had no food since the 
evening meal of the day before. The experiment included but one period of 
approximately 15 minutes, beginning at 7*» 24"* a. m. This period was without 
incident, the subject remaining very quiet. The results of the experiment 
may be found in table 14. 

Respiration Experiment No. K2. 

Date, July 29, 1910. Body-weight without clothing, 55.6 kilos. 

On the morning of the experiment, the subject came to the laboratory 
without breakfast and lay down upon the couch at S^ 20™ a. m., and the experi- 
ment began at 8** 34™ a. m., continuing for three periods of 11 to 14 minutes, 
with intermissions of 8 to 10 minutes. During the first period the subject 
cleared his throat once, and there was probably a slight loss of air. In the 
second period he moved his hands several times and his leg once. In the third 
period he lay quietly the whole time. The results of the experiment are given 
in table 14. 

Respiration Experiment No. K3. 

Date, August 2, 1910. Body-weight without clothing, 55.6 kilos. 

The subject came to the laboratory without breakfast at 7** 30™ a. m. and 
lay down on the couch at 7** 35™ a. m. The experiment began at 7** 50™ a. m., 
and continued for three periods of 13 to 15 minutes each, with intermissions of 
8 to 13 minutes, ending at 8** 54™ a. m. After the close of the second period the 
pneumograph was loosened, as the subject complained it was too tight. Before 
the beginning of the third period the subject raised both legs up at the knee, 
and near the end of this period he straightened out one leg. The results of the 
experiment are given in table 14. 

Table 14. — Results of respiration experimenls Nos. Kl-KS. 



Experi- 
ment 
No. 


Date and time. 


Dttrattcm. 


Carbon 

dioxide 

eliminated 

per minute. 


Oxygen 

absorbed 

per minute. 


Respiratory 
quotient. 


Average 
pulaerate. 


Avcro^ 

respiration 

rate. 


Kl 
K2 

K3 


Julv 27. 1910: 

7^2/V^t^.m 


min. aec. 
15 41 

11 4 
10 58 
14 19 


c.c. 
1182 


e.c. 
»257 


0.71 


77 


18 


Jaly,2». 1910: 

8*'34"a.m 


179 
187 
183 


« > ■ • 

249 
258 


• • • • 

.75 
.71 


74 
75 
75 


19 
18 
18 


9 55 a.m 


10 14 a.m 


Average 


U83 


X254 


.73 


75 


18 


Aug. 2, 1910: 

7*»60P»a.m 


12 37 
14 37 
14 43 


189 
184 
188 


267 
259 
269 


.71 
.71 
.70 


79 
83 

81 


19 
20 
19 


8 11 a.m 


8 39 a.m 


Avemg^, T 


•187 


•265 


.71 


81 


19 







I 

1 Carbcm dionde eliminated per kilogram per minute, 3.27 c.c; oxygen absorbed per kilogram per minute, 4.62 c.c. 

* Carbon dioxide eliminated per kilogram per minute. 3.29 o.c; oxygen absorbed per kilogram per minute. 4.67 c.c. 

* Carbon dioxide eliminated per kilogram per minute, 3.36 o.c.; oxjrgen absorbed per kilogram per minute, 4.77 c.e. 

CASE L. 
DESCRIPTION OF THE CASE. 

Male; bom October 18, 1886; single; student; onset of diabetes July 1908; 
diagnosed as diabetes on December 9, 1908; came under our observation Decem- 
ber 15, 1908; condition, November 11, 1912, active work. The earlier details 
of this case have already been published.^ 

^Benedict and Joslin, he, cU,f p. 144. 
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Between February 24, 1910, and September 28, 1910, the patient remained 
in excellent condition, and apparently free from sugar most of the time. 
Although sugar was present in the urine upon April 19, 1911, it disappeared in 
three days with the limitation of the carbohydrates to 25 grams. A physical 
examination on this date showed that the blood-pressure (Riva-Rocci) was 100, 
and that there was a slight systolic murmur at the apex of the heart which was 
just within the mammillary line. The liver extended one finger's breadth below 
the costal margin. These findings were confirmed on October 12, 1911. The 
patient is now (May 1912) doing active work. 

The urinary record is given in table 15. The reaction of the urine was 
acid throughout; there was no albumen present except a very slight trace on 
April 21-22, 1911. The last sample of urine received from this subject was 
on May 31, 1912; the reaction was acid, and there was neither albumen nor 
sugar. On September 21-22, 1910, it will be seen that there were 20 grams of 
sugar in the urine; on this day he did an imusual amoimt of physical work. 

Table 15. — Clinical chart — Case L. 



Date. 


Volume 
of urine. 


Specific 
gravity. 


Diacetio 
acid. 


Nitro- 
gen. 


Sugar. 


Carbo- 

hydrates 

in diet.^ 


Carbo- 
hydrate 
balance. 


Bodv 

weight 

without 

clothing. 


By copper 
reducU(». 


By 
rotation. 


1010. 

Sept. 21-22 

25-26 

27-28 

1011. 

April 18-10 

21-22 

Oct. 11-12 

1012. 
May 30-31 


ex. 
1875 
1750 

nsoo 

1625 
1375 
1625 

1750 


1028 
1022 

• • • • 

1030 
1020 
1032 

1022 


S1.+ 

• • ■ • • 

SI.+ 

+ 


SI.+ 


gtna. 
26.4 
24.6 

• • * • 

• ■ • » 

26.6 
20.2 

• • • • 


gtn8, 

20 

6 



• • • • 


37.5 

• • • • 


gnu. 
8 

• ■ 

• • 

13 

• • 

26 



gm». 
45 

46 

45 
25 
30 

■ • 


gm§. 

+25 

a • • • 

+45 

+30 
+25 
- 5 

• • • • 


kilot. 
67.7 

• • • • 

66.8 
65.6 

• • • • 

65.1 

■ • ■ • 



1 No sodium bicarbonate ffiven. 

*From 7h30™a.m. to lOMO^^a.m., Sept. 27, 1010, volume of urine, 434 c.c; specific gravity, 1.016; nitrogen, 
2.72 ^ms.; sugar, 3.7 gms. Another specimen of urine oa Sept. 28, 1010, with a qwcifio gravity of 1.022 gave 
an acid reaction, showed no albumen or sugar, and only a slight trace of diaoetic acid. 

EXPERIMENTS WITH CASE L. 

In the preceding publication five calorimeter experiments with this sub- 
ject were reported. In four of these the chair calorimeter was used,the other 
being with the bed calorimeter. Two additional experiments are reported 
here, both respiration experiments. The vital statistics are as follows: 

Date of birth, October 18, 1886; height, 183 cm.; body-weight without 
clothing during experiments, 66.5 kilos. 

Respiration Experimbnt No. LI. 

Date, September 26, 1910. Body-weight without clothing, 66.5 kilos. 

The subject came to the laboratory at 7*> 55" a. m. fasting and imme- 
diately lay down upon the couch after the pneumograph and stethoscope had 
been adjusted. As the subject was quite confident that he would be able to 
stay awake and keep his mouth firmly closed, surgeon's plaster was not used 
over the mouth in the first period. As the results indicated that there might 
be a leakage through the mouth, the plaster was used in the last two periods. 
The experiment began at 9** 12" a. m., and continued for three periods of 13 to 
15 minutes, with intermissions of 10 and 12 minutes, ending at 10** 14" a. m. 
The subject moved his hands and arms occasionally, and changed his position 
slightly, once putting his hand to his face. Although just previous to the 
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third period he said that he was not at all tired and was willing to continue 
indefinitely, there was more movement than in the previous periods. The sub- 
ject breathed very deeply, which was probably due to the fact that he had been 
active in athletics while in coUege and had also sung a great deal. He was 
considered an extremely good subject, as he was quiet and cooperated intelli- 
gently. The results of the experiment are given in table 16. 

Table 16. — ResiiUa of respiration experiment No. LL 



Date and time. 


Duration. 


Carbon 

dioxide 

eliminated 

per minute. 


Oxygen 

absorbed 

per minute. 


Respiratory 
quotient. 

0.73 

74 

.72 


Average 
pulse-rate. 


ATerafo 

respiration 

rate. 


Sept. 26. 1910: 

9*'12™a.ra 


min. tee, 
15 17 
12 50 
12 48 


e.e. 
205 
207 
204 


c.c. 
281 
278 
285 


69 
70 
66 


8 
9 
7 


9 39 a.m 


10 01 a.m 


Avenur^ 




1205 


>281 


.73 


68 


8 







1 Carbon dioxide eliminated per kilogram per minute, 3.08 c.c. ; oxygen absorbed per kilogram per minute, 4.23 o.c. 

Respiration Experiment No. L2. 

Date, September 27, 1910; body-weight without clothing, 66.5 kilos. 

After a breakfast at 7*» 45"* a. m., consisting of 36 gms. oatmeal (weighed 
dry), 1.5 ounces of butter, 2 boiled eggs, a cupful of coflfee, and half of a grape- 
fruit, the subject came to the laboratory at 8*> 35°* a. m. He lay down upon 
the couch at 8** 38"* a. m., and the experiment began at 8** 48"* a. m. The three 
15-minute periods, with intermissions of 14 to 18 minutes, ended at 10** 05"* a.m. 
Surgeon's plaster was used to secure perfect closure of the mouth. After the 
experiment the subject urinated at 10** 10™ a.m. The results of the experiment 
may be found in table 17. 

Table 17. — Results of respircUion experiment No. L2. 



Date and time. 


Duration. 


Carbon 

dioxide 

eliminated 

POT minute. 


Oxygen 

abaorbed 

per minute. 


Reepiratory 
quotient. 


Average 
pulaerate. 


Average 

respiration 

rate. 


Sept. 27. 1910: 

»8'«48^a.m 

9 21 a.m 

9 50 a.m 

Average 


mtfi. tec. 
15 6 
15 11 
15 12 


e.e. 
241 
247 
268 


e.e. 
329 
337 
836 


0.73 
.73 
.80 


75 
70 
65 


7 
7 
7 




S252 


S334 


.75 


70 


7 







1 Subject ate breakfast at 7^ 45™ a.m. 

* Carbon dioxide eliminated per kilogram per minnte, 3.79 o.o.; oxygen abaorbed per kilogram per 
minute, 5.02 o.o. The urine oolleeted between 7'* 3(P a. m. and 10** 10"* a.m. amounted to 
434 CO., specifio gravity 1.016, and contained 2.72 grams of nitrogen and 3.7 grama of sugar. 

CASE M. 

DESCRIPTION OF THB CASE. 

Male; bom January 23, 1853; married; dentist; sugar found in urine in 
1900; came imder our observation January 6, 1908; condition November 11, 
1912, active work. The earlier details of this case have been published in a 
previous publication.^ 

Later history of the case. — During the winter of 1909 and 1910 the patient 
insists that he did more work than he ever did in his life before, working even 
Sundays and until 11 o'clock at night. He used oil freely, often putting it on 

'Benedict and Joslin, loc, cit., p. 152. 
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strawberries, oranges, and grapefruit, and even used it on bananas, apples, and 
cantaloupe. A physical examination July 5, 1910, showed the blood-pressure 
to be 120; pulse-rate, 96; heart 5 cm. to the right of the median line, the left 
border lying within the mammillary line, with systolic murmur at the left 
border of the sternum and at the base. The liver was 2 to 3 fingers' breadth 
below the costal margin. The spleen was not palpated. On November 28, 
1910, the weight was 82.6 kilos., the pulse-rate 84, and the condition good, 
except for pain in the vicinity of the sixth rib near the mammillary line. This 
pain resulted from a fall and a possible fracture of the rib. On December 16, 
1910, he was considerably shaken up in a railroad accident, besides being 
exposed to a nervous strain in escaping from an overturned car. It will be 
seen from table 18, which gives the urinary record, that the quantity of sugar 
in the urine increased at this time. In May 1911 he took a 5 weeks' vacation 
trip to Europe. A physical examination gave the same results as previously. 
On October 3, 1911, the patient had symptoms suggesting an attack of biliary' 
colic. These subsided gradually, however, and after a week's rest recovery 
was complete. On December 28, 1911, his condition was excellent. An 
examination showed that no murmur could be heard in the heart. The blood- 
pressure was 125 and the pulse-rate 88. There was a slight resistance, but no 
tenderness in the region of the gall-bladder. In the observations made of the 
urine an acid reaction was shown throughout; there was a slight trace of albu- 
men on January 1, 1911, and a very slight trace on May 15, October 2, and 
December 23. 

Table 18. — Clinical chart — Case M, 



1910. 
JuneSO-July 1. 

July 14-15 

Oct. 1-2 

1911. 
Dec. 31-Jaa. 1* 

May 15-16 

Aug. 27-28 

Oct. 1-2 

Oct. 3-4 

Doc. 22-23 



Volume 


Specific 


Diaoetio 


o( uiine. 


gravity. 


acid. 


e.c. 






1340 


1028 





940 


1029 


+ 


890 


1027 


+ 


1450 


1030 


+ 


975 


1028 


SI. + 


750 


1024 





1200 


1024 





• • • • 


1025 





950 


1027 






Sugar. 



Nitrogen. 



By co|>per 
reduction. 



fftnt, 

• • » • 

16.0 



15.5 
13.4 
10.4 

• • • • 



gnu. 

• • 

14 



83 

+ 


+ 



By rota- 
tion. 



gm*. 
19 
6 


26 
8 

• • 

5 

«0.2 
3 



Bodv- 

weigbt 

without 

clothing. 



kUo». 



81.7 



80.6 



»^xybutyricacid, 1.9 gm«.; ammonia, 1.3 gma.; _ *. ^^ -6.9 per cent.; sugar by fermentation. 36 gma. 
•Per c«»t. 

EXPERIMENTS WITH CASE M. 

Three calorimeter experiments with this subject were reported in the pre- 
vious publication. In two of the experiments the bed calorimeter was used; 
the chair calorimeter was used in the third. Two additional experiments are 
reported here, one with the bed calorimeter and one with the respiration appa- 
ratus. The vital statistics are as follows: 

Date of birth, January 23, 1853; height, 172 cm.; range in body-weight 
without clothing during experiments, 81.7 to 82.9 kilos. 

Respiration Experiment No. Ml. 

Date, August 17, 1910. Body-weight without clothing, 81.7 kilos. 
This experiment, which was made with the respiration apparatus and with 
the subject fasting, included four separate periods of 10 to 11 minutes each, 
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with intermissions ranging from 11 to 19 minutes. The experiment began at 

8^ 13"* a. m., and ended at 9*> 39" a. m. The subject was instructed not to go 

to sleep and apparently did not; in the second period he was uneasy, moving his 

legs and changing his position somewhat several times. In the third period 

the observer thought the subject opened his mouth and moistened his lips, but 

he himself thought he did not. The results of the experiment are given in 

table 19. 

Table 19. — Results ofrespiralion experiment No, Ml, 



Date and time. 


Duration. 


Carbon 

dioxide 

eliminated 

per minute. 


abaorbed 
per minute. 


Respiratory 
quotient. 


Average 
pulae-rate. 


Average 

respiration 

rate. 


Au«.17,1910: 

8»'13"a.m 

8 43 a.m 

9 OS a.m 

9 29 a.m 

Averace 


mitt. tee. 

10 50 

11 10 
10 9 
10 25 


e.e. 
197 
200 
187 
203 


ex. 

• • • 

271 
256 
260 


• • • • 

0.74 
.73 

.78 


76 

76 

74 

>74 


9 

9 

10 

9 




«197 


>262 


.76 


75 


9 





> One record <rf pulse. 

* Carbon dioxide eliminated per kgm. per minute, 2.41c.e.; oxygen absorbed per kgm. per minute, 

3.21 o.c. The lOOc.c. of urineooUected between 6° 45"* a.m. and 9l*45'°a.m. contained 1.56 gm. 

nitrogen and 1 gm. sugar. 

Calorimeteb Experiment M2. 

Date, June 15, 1911. Body-weight without clothing, 82.9 kilos. 

The subject came to the laboratory without breakfast at 7**25"* a. m., 
entered the bed calorimeter at 7** 56" a. m., and the experiment began at 8**52°' 
a. m. Three periods, one of 53 minutes and two of 45 minutes, were included 
in this experiment. Except in the second period, when he rolled over on his 
side and used his arms considerably in handling the newspaper he was reading, 
the subject was very quiet all through the experiment. Afterwards he said he 
was very comfortable while in the apparatus and suffered no discomfort. The 
metabolism measurements are given in table 20. 

Table 20. — Measurements of metabolism — Calorimeter experiment No. M2. 



Date and period. 


Carbcm dioxide 
eliminated. 


Oxygen absorbed. 


Respira- 
tory 
quotient. 

0.79 
.77 

.78 


Average 
pulse- 
rate. 


Average 
respira- 
tion rate. 


Total. 


Per 
minute. 

ex. 
190 
189 
192 


Total. 


Per 

minute. 


June 15. 1911: 

8*" 52"* a.m. to 9** 45" a.m 

9 45 a.m. 10 30 a.m 

10 30 a.m. 11 15 a.m 


gmB. 
19.7 
16.6 
17.0 


gm9. 
18.0 
15.7 
15.9 


ex. 
239 
244 
243 


70 
68 
67 


11 

• • 

• • 






Total 2 hrs. 23 min.» 


53.3 


190 


49.6 


243 


.78 


68 


• • 


1 



K^arbon dioxide eliminated per kilogram per minute. 2.29 c.c: oxygen absorbed per kilogram per minute, 2.93 o.c. 
Tlie urine collected between about 10° 3U°^ p.m. June 14 and 12" 15™ p.m. June 15, specific gravity 1.025, amounted 
to 335 c.c. and contained 4.12 gms. of nitrogen and 3.6 gms. of sugar. 



CASE N. 

DESCRIPTION OF THE CASE. 

Male; bom August 1, 1896; developed diabetes just before 13 years of age 
in July 1909, and came imder our observation August 1909; died in coma Feb- 
ruary 16, 1911. 

Family history. — Grandmother died of diabetes at the age of 78. The 
patient was an only child, and his father and mother are well. 

Past history. — Measles. 
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Present iUness. — Early in June 1909 the boy began losing weight while 
ridii^ a new bicycle. During the first part of August, frequent micturition 
developed and in the course of a few days he began to droop. 

Physical examination, — ^Height, 146 cm.; greatest weight, 34.5 kilos.; 
weight August 28, 1909, 29.6 kilos. Fairly well developed. Pupils equal and 
reacted to Ught. Tongue and teeth normal. Lungs normal. Heart extended 
2 cm. to right of median line and 9 cm. to left of median line (just external to 
mammillary line). Systolic murmur at apex. The liver extended 2 fingers' 
breadth below the costal margin. Knee-jerks normal. No edema. 

Urine data. — ^The greatest quantity of urine observed was at the onset, 
when it reached 3500 c.c. The patient^s urine contained 6.6 per cent of sugar 
on August 28 and, on the foUowing day, 162 grams were excreted. By the 
restriction of the diet to 20 grams carbohydrate, the urine became sugar-free 
on September 13 and this condition was maintained almost constantly until 
November 22, 1909; he then evidently broke diet and the sugar in the urine 
went up to 7 per cent (88 grams). 

The sugar did not again disappear from the urine until December 15, 
when the patient was at the hospital. It remained absent for the 4 days he 
was there, returning promptly when he left the institution, and never disap- 
peared save upon two days in January and one in February of the following 
year. 

Albumen was either absent or present only in extremely small quantities; 
during the last few months of life but a trace was present. 

The urine was invariably acid, save upon one day, December 18, 1909. 
During the first period of observation, from August 1909 until April 1910, the 
signs of acidosis were slight and represented at the most by only a moderate 
reaction for diacetic acid. From that time on they increased, and the acidosis 
was extreme in November 1910, when the patient was again in the hospital. 
At this time the urinary record (table 21) shows 35 grams of jS-oxybutjrric acid 
in one day, and on the same day 4.2 grams of ammonia. 

Death finally occurred on February 16, 1911, after 3 days of coma. The 
case therefore affords a most exceUent example for a study of diabetes with and 
without acidosis. During its duration of 19 months, the disease ran a course 
free from complication, with the exception of the persistent ulceration of one 
incisor tooth. 

EXPERIMENTS WITH CASE N. 

With this subject, eight calorimeter experiments were made, in all of which 
the bed calorimeter was used. In seven experiments the subject entered the 
apparatus without breakfast, after a 12 hours' fast. One experiment was 
made following a breakfast of cooked oatmeal. In addition, one respiration 
experiment was carried out with this subject. The data for the calorimeter 
experiments are compared in table 33. The vital statistics were as follows: 

Date of birth, August 1, 1896; height, 146 cm. ; range in body-weight with- 
out clothing during experiments, 30.5 to 32.5 kilos. 

Respiration Experiment No. N1. 

Date, August 18, 1910. Body-weight without clothing, 32.5 kilos. 

In this experiment the respiratory exchange was determined by means of 
the respiration apparatus, the subject lying on a couch. It is probable that 
he took food previous to the experiment. The experiment beganat 8*» 12" a.m., 
covering one 10-minute period and ending at 8*" 22°^ a. m. The subject was 



Table 21.— CUnieat chart— Cate N. 



s 


w-ai 










































































































































is. 




Hmy li-IS 








































1*-IS 






























































































































F*. 


!»-» 



ill 



1150+ II 
1»0+ 11 



•Fwiod o( H hn. IS mil.. IM 
>Shn. HurcMU.cUaflyn 



f. inoludinc 240 b jl siwus. 



32 



METABOLISM IN SEVERE DIABETES. 



reported as being restless, opening his mouth once and raising his hand to his 
face. Before coining to the laboratory the subject urinated at 5 a. m., and 
after the experiment was over he urinated at 8** 50"* a. m. The carbon dioxide 
eliminated per minute was 181 c.c, and per kilogram per minute 5.57 c.c. The 
oxygen absorbed per minute was 237 c.c. per minute, and per kilogram per 
minute, 7.29 c.c. The respiratory quotient was 0.76. During the experi- 
mental period the pulse-rate averaged 73 and the respiration-rate, 17. The 
urine collected between 5 a. m. and 8^ 50" a. m. amounted to 145 c.c. and con- 
tained 0.67 gram of nitrogen and 7.1 grams of sugar. 

Calorimeteb Experiment No. N2. 

Date, December 1, 1910. Body-weight without clothing, 31.2 kilos. 

For this experiment, the subject came to the laboratory without break- 
fast at 7** 05™ a. m., and entered the bed calorimeter at 7** 17"* a. m. The 
experiment began at 8** 04"* a. m., and continued for three 45-minute periods, 
ending at 10** 19"* a. m. The pulse and respiration rates were obtained by the 
usual methods, but no records of the body-temperature were made. The sub- 
ject was very quiet, lying on his back and reading throughout the whole experi- 
ment. Two samples of the alveolar air were taken both before and after the 
experiment. Before coining to the laboratory, the subject urinated at 6** 45"* 
a. m., and again after the experiment at 10^ 28"* a. m. The records of the 
experiment are given in tables 22 and 25. 

Table 22. — MeaswremenU of metabolism — Calorimeter experiment No, N2, 



Date and period. 


Carbon dioxide 
oliminated. 


Oxygen abaorbed. 


Reepi- 

ratory 

quotient. 


Average 
pulae- 
rato. 


Average 

reepira- 

ti<»rate. 


Totol. 


Per 
minute. 


Total. 


Per 
minute. 


Dec. 1. 1910: 

8** 4"» a.m. to 8*» 4V» a.m 

8 49 a.m. 9 34 a.m 

9 34 a.m. 10 19 a.m 

Total 2 hrs. 16 min.« 


gm». 
12.6 
11.8 
11.0 


e.c. 
143 
133 
126 


gm*. 
10.8 
12.8 
11.0 


c.c. 
168 
199 
171 


085 
.67 
.73 


78 

78 

172 


17 

18 
19 


35.4 


133 


34.6 


179 


• • • • 


• • 


• • 





> One record at 10^ 03" a.m. 

* Carbcm dioxide eliminated per kilogram per minute. 4.26 o.c; oxygen abaorbed per kilogram per minute, 5.74 c.c. 

Calorimeter Experiment No. N3. 

Date, December 2, 1910. Body-weight without clothing, 30.9 kilos. 

On the morning of the experiment the subject ate a breakfast consisting of 
300 grains of cooked oatmeal and came to the laboratory at T'* 55°* a. m. At 
gh io°» a. m. he entered the respiration chamber of the bed calorimeter; the 
experiment began at 8** 48°* a. m. and continued for two 45-minute periods and 
one 53-minute period, ending at 11** 11" a. m. In the first period he lay very 
quietly on his back, reading, but did not read in the second period and moved 
slightly two or three times; he seemed to be asleep near the end of the period. 
At the beginning of the third period he was asleep, but soon awoke and read for 
a short time, then lay quietly without reading. According to the observer's 
record, the subject moved considerably more in this period than in the two pre- 
ceding, and it was necessary to extend the period 8 minutes in order to obtain 
satisfactory temperature equilibrium at the end. Samples of alveolar air were 
taken before and after the experiment. The subject urinated at 7 a. m. before 
coming to the laboratory and again at 11^ 26°* a. m. after the experiment was 
over. The records for the experiment are given in tables 23 and 25. 
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Table 23. — Measurements of metabolism — Calorimeter experiment No. NS, 



Date and period. 


Carboo dioxide 
eliminated. 


Ozysen absorbed. 


Reepi- 

ratory 

quoti«it. 


Average 
pulse 
rate. 


Average 
respira- 
tion rate. 


Total. 


Per 

minute. 


1 

Total. y^l 
* minute. 


Deo. 2. 1910: 

■»8*'48™a,m.to 9*»33"»a.m 

9 33 a.m. 10 18 a.m 

10 18 a.m. 11 11 a.m 

Total 2 bra. 23 min.« 


gms. 
12.4 
11.9 
14.4 


e.c. 
140 
134 
139 


gms. 
11.7 
11.4 
13.8 


c.e. 
182 
178 
182 


0.77 
.76 
.76 


79 
81 
84 


17 
14 
16 


38.7 


138 


36.9 


181 


■ • ■ • 


• ■ • • 


• • • • 









^Subject ate 300 gms. of cooked oatmeal about 1 hr. 30 min. before the exoeriment b^^an. 

* Carbon dioxide eliminated per kilogram per minute, 4.47 e.c. ; oxygen abeorbed per kilogram per minute, 5.86 c.o. 



Calorhietbb Expebimsnt No. N4. 

Date, December 3, 1910. Body-weight without clothing, 30.5 kilos. 

When the subject came to the laboratory at 7** 02" a. m. on the experi- 
mental day, aside from a small cupful of black coffee he had had no food since 
the evening meal of the day before. After two samples of alveolar air had been 
taken, he entered the bed calorimeter at 7** 23" a. m. The experiment began 
at 8** 08" a. m., continued for three 45-ininute periods, and ended at 10** 23" 
a. m. The subject was very quiet throughout the experiment, reading most 
of the time except near the end of each period; he did not sleep at all. After 
the experiment was over, he urinated at 10** 35" a. m.; two additional samples 

Table 24. — Measurement of metabolism— Calorimeter experiment No. N4* 



Date and period. 


Carbcm dioxide 
eliminated. 


Oxygen abeorbed. 


Respi- 
ratory 
quotient. 


Average 

pube- 

rate. 


Average 
respira- 
tion rate. 


Total. 


Per 
minute. 


Total. 


Per 
minute. 


Dec. 3. 1910: 

»8'»08"a.m. to 8'* 53" am 

8 53 a.m. 9 38 a.m 

9 38 a.m. 10 23 a.m 

Total 2 hrs. 15 mins.* 


gms. 
11.0 
10.2 
11.0 


c.e. 
124 
116 

124 


gms. 

10.8 

9.8 

10.3 


c.e. 
168 
152 
161 


0.74 
.76 
.77 


56 
58 
58 


14 
14 
13 


32.2 


121 


30.9 


160 


• • • • 


• • 


• ■ 





1 Subject dnmk a small cup of black coffee about 1 hr. 15 mins. before the experiment began. 

* Qirbon dioxide eliminated per kilogram per minute, 3.97 c.e; oxygen abeorbed per kilogram per minute. 5.25 c.e 

of alveolar air were also taken. The subject said that he did not feel quite so 
tired and hungry as he had at the close of preceding experiments. On the 
morning of December 5 his mother said that during the afternoon of the exper- 
imental day and all the next day the subject was much brighter and better 
than he had been for some time. He was quite lively and in good spirits, 

Table 25. — Statistics of urine — Calorimeter experiments Nos. N2-N4, 



Dec. 1, 1910: 6*» 45F a.m. to 10*» 38™ a.m. 
Dec. 1-2, 1910: lO** 38™ a.m. to 7** a.m. . . 

i" 26™ a.m 

26™a.jn. to 7a.m... 

, *33 

Deo. 8-4, 1910: lO** 35™ a.m. to 7 a.m. 



7 a.m.* to 11 
1* 
Dec. 3. 1910: 7 a.m.* to lO** 35™ a.m 



Dec. 2. 1910: 
Deo. 2-3. 1910: 



111 



Volume. 


Specific 


Total 


gravity. 


nitrogen. 


c.e. 




gms. 


473 


1.019 


1.26 


2520 


1.020 


4.86 


512 


1.022 


.98 


1700 


• • • • • 


5.09 


250 


1.030 


.95 


1560 




4.11 

1 



gms. 

5.7 
64.8 
17.9 
40 6 

8.1 
29.4 



> Subject ate 300 gms. of cooked oatmeal just before coming to the labormt<Nry at 7** 55™ a.m. 
* Subject drank a small cop of black coffee just before coming to the laboratcnry at 7° 02™ a.m. 
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although previously he had been very melancholy and his physical condition 
had preyed upon lus mind so that he had not been at all happy. The meas- 
urements of metaboUsm and the average pulse and respiration rates are given 
in table 24, and the statistics of urine in table 25. 

CALORnfBTEB EXPERIMENT No. N5. 

Date, December 5, 1910. Body-weight without clothing, 31.7 kilos. 

For this experiment the subject came to the laboratory at 7** 05"* a. m., 
without breakfast, and entered the bed calorimeter at 7** 29°* a. m. ; the experi- 
ment began at 8** 22"* a. m., ending at 10** 38"* a. m., after three 45-minute 
periods. Throughout the whole period the subject was quiet, reading much 
of the time. Samples of the alveolar air were ttdcen both before and after the 
experiment. The subject urinated at 7 a. m., before coming to the laboratory, 
and at 10** 56"* a. m. after the experiment was over. He said at the conclusion 
of the experiment that, while he was tired and sleepy and somewhat himgry, he 
felt quite well. The records of the experiment are given in table 26. 

Table 26. — MecuntremenU of metabolism — Calorimeter experiment No. N6. 



Date and period. 


Carbon dioxide 
eliminated. 


Oxygen absorbed. 


Respi- 
ratory 
quoUent. 


Averace 
pulse- 
rate. 


Average 
respira- 
tion rate. 


Total. 


Per 
minute. 


Total. 


Per 
minute. 


DeeL.6,1910- 

8" 22" a.m. to 9'* 07™ a.m 

9 07 a.m. 9 52 a.m 

9 52 a.m. 10 38 a.m 

Tnt^l 2 hn?, 1A min.» 


11.2 
10.5 
11.9 


c.c. 
127 
119 
132 


gm». 
11.1 
11.1 
11.1 


c.c. 
172 
172 
158 


0.74 
.69 

.78 


54 
55 
58 


16 
16 
16 


33.6 


12« 


33.3 


171 


• • * • 


■ • 


• • 





1 Carbon dioxide eliminated per kilogram per minute, 3.97 c.c.; oxygen absorbed per kilogram per niinute, 5.39 
o.c. The urine ocdlected between 7 a.m. and l(r 56^ a.m. amounted to 590 c.c. and contained 1.96 gms. of nitrogen 
and 8.8 gms. of sagiu, 

CALORnfBTER EXPERIMENT No. N6. 

Date, December 7, 1910. Body-weight without clothing, 32 kilos. 

The subject arrived at the laboratory without breakfast at 7** 05"* a. m. 
The experiment began at 8*" 20°* a. m. and continued for three 45-minute 
periods, ending at 10** 35" a. m. Throughout the experiment the subject lay 
on his back, quietly reading. He did not sleep at all. As usual samples of 
fidveolar air were taken before and after the experiment. Before coming to the 
laboratory the subject urinated at 6** 30"* a. m. and at 10** 50" a. m., after the 
experiment was over. On coming out of the bed calorimeter the subject com- 
plained of no discomfort, saying only that he was quite hungry. The records 
of the experiment are given in table 27. 

Table 27. — Measurements of metabolism — Calorimeter experiment No. N6. 



Date and period. 


Carbon dioxide 
eliminated. 


Oxygen absorbed. 


Respi- 
ratory 
quotient. 

0.74 
.77 
.71 


Average 
pulse- 
rate. 


Average 
respira- 
tion rate. 


Total- ! J^t^. 


Total. 


Per 
minute. 


Dec. 7, 1910: 

8*» 20P» a.m. to 9*»06"a.m 

9 05 a.m. 9 50 a.m 

9 50 a.m. 10 35 a.m 

Total 2 hm. 15 niin.» 


gma. 
11.4 
12.3 
10.9 


c.c. 
129 
139 
122 


gm». c.c. 
11.2 174 
11.7 181 
11.1 1 172 


56 
57 
57 


17 
17 
16 


34.5 130 


34.0 176 


• • « • 


• • 


• • 













iCarb(m dioxide eliminated per kilogram per minute, 4.06 c.c; oxsrgen absorbed per kilopam pmr niinute, 5.50 
cc. The urine collected between 6^ 30>° a.m. and lO** 50°* a.m. amounted to 545 c.c, specific gravity 1.019, and 
contained 1.90 gms. of nitrogen and 7.9 gms. of sugar. 
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CALORIlfETEB EXPERIMENT No. N7. 

Date, December 10, 1910. Body-weight without clothing, 31.8 kilos. 

The subject arrived at the laboratory at 7** 10"* a. m., without breakfast. 
Before he entered the bed calorimeter at 7** 33" a. m., samples of alveolar air 
were taken and a record made of the ventilation of the lungs. The experiment 
began at 8** 22" a. m., ending at 10** 40" a. m., after three 45-minute periods. 
At 9** 56" a. m. the subject drank 76 c.c. of water. During the first period he 

Table 28. — Measuremenis of meidboliam— Calorimeter experiment No. N 7. 



Date and period. 


Carbon dioxide 
eliminated. 


Oxygen absorbed. 


Respi- 
ratory 
quotient. 


Average 
pulse- 
rate. 


Averafte 
respira- 
tion rate. 


Total. ?*^ 
minute. 


Total. 


Per 

minute. 


Dec. 10, 1910: 

8° 22F» a.m. to 9**07"a.m 

9 07 a.m. 9 54 a.m 

9 64 a.m. 10 40 a.m 

Total 2 hn. 18 inin.» 


gmt. 
12.9 
12.6 
13.0 


c.e. 
14« 
137 
143 


gmt. 
11.9 
12.4 
12.6 


e.e. 
184 
184 
192 


0.79 
.75 
.75 


75 
77 
81 


19 
18 
18 


38.5 


142 


36.9 


187 


• • • • 


• • 


• • 





1 Carbon dioxide eliminated per kilogram pmr minute, 4.47 c.c.; oxygen absorbed per kilogram per minute, 5.88 o.o 

was very quiet, reading. He did not read during the second period, but lay 
very quietly, and slept about 20 minutes. In the third period, however, he 
moved considerably and gave evidence of being very restless. Samples of the 
alveolar air were also taken after the experiment. The subject urinated before 
the experiment at 6** 45°* a. m. and after the experiment at 11** 05"* a. m. The 
data regarding the metabolism measurements and the average pulse and respi- 
ation rates are given in table 28 and the statistics of urine in table 29. 

Table 29. — Statistics of urine — Calorimeter experiment No, N7. 



Date and period. 


Volume. 


Specific 
gravity. 


ToUl 
nitrogen. 


Sugar. 


Dee. 10, 1910: 6** 45™ a.m. to 11** 05" a.m 


c.e. 

475 

2660 


1.027 
1.031 


gma. 
1.47 
6.66 


gwu. 
15.2 
164.0 


Dec. 10-11, 1910: ll** 05" a.m. to 6*» 45" a.m 





CaLORIMBTEB ExPEBUfENT No. N8. 

Date, December 12, 1910. Body-weight without clothing, 31.7 kilos. 

The subject reached the laboratory at 7 a. m., without breakfast, and 
entered the bed calorimeter at 7** 38" a. m., after two samples of the alveolar air 
had been taken and records made of the ventilation of the lungs. A blood- 
pressure of 90 mm. was also recorded at 7** 30" a. m. The experiment began at 
9 a. m., continuing for two 30-ininute and one 40-ininute periods, ending at 
10** 40" a. m. The pulse and respiration rates were obtained as usual by the 
stethoscope and pneumograph. The telephone was used once during the 
experiment, at the beginning of the first period, but otherwise the subject was 
very quiet, reading nearly all of the time except near the end of each period. 
Samples of the alveolar air were taken at the end of the experiment, as usual. 
Before coming to the laboratory, the subject urinated at 6** 45" a. m., and again 
at IP 08" a. m., after the experiment was over. No water was taken during 
the experiment. The data regarding the metabolism measurements and the 
average pulse and respiration rates are given in table 30 and the statistics of 
urine in table 31. 
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Calorimeter Experiment No. N9. 

Date, December 14, 1910. Body-weight without clothing, 31.4 kilos. 

The subject arrived at the laboratory without breakfast at 7** 10™ a. m., 
aud entered the bed calorimeter at 7** 32"* a. m. The experiment began at 
gh 2im a. m., continuing for two 45-minute periods and one 40-minute period, 

Table 30. — MeasuremenU of metabolism— Calorimeter experiment No. N8. 



Date and period. 


Carbon dioxide 
eliminated. 


Oxygen abeorbed. 


Respi- 
ratory 
quotient. 


Average 
pulse- 
rate. 


Average 
respira- 
tion rate. 


Total. ) ?®^ 
*"***• i minute. 


Total ' ■* er 
minute. 


Deo. 12, 1910: 

9*»00»a.m. to 9*'30™a.m 

9 30 a.m. 10 00 a.m 

10 00 a.m. 10 40 a.m 


gma. 
8.0 
7.5 

10.0 


e.e. 
135 
127 
128 


gma. 
8.2 
7.5 

10.1 


e.e. 
192 
173 
176 


0.70 
.73 
.72 


59 

61 
61 


15 
15 
15 


Total 1 hr. 40 mln.» 


25.5 i 130 


25.8 


181 


• « • • 


• • 


• • 













^ Carbon dioxide eliminated per kilogram per minute, 4.10 c.c; oxygen absorbed per kilogram per minute, 5.71 c.o. 

ending at 10** 31" a. m. As usual with this subject, he lay quietly reading dur- 
ing practically the whole experiment, save at the beginning of the third period, 
when he moved quite a little. Samples of alveolar air were taken and records 
made of the ventilation of the lungs both before and after the experiment; a 

Table 31. — Statistics of urine — Calorimeter experiment No. N8. 



Date and period. 


Volume. 


Specific 
gravity. 


Total 
nitrogen. 


Sugar. 


Dec. 12, 1910: 

6*» 45° a.m. to 11*» 08°» a.m 

Dec. 12-13, 1910: , 

ll*'08»a.m.to6*'45°a.m 


e.e. 
350 

2160 


1.032 
1.026 


gma. 
1.84 

5.99 


gma. 
16.7 

80.0 



record of 90 mm. for the blood-pressure was obtained at 7** 10" a. m. The sub- 
ject urinated at 7 a. m., before coining to the laboratory, and at 10*" 55" a.m., 
after the experiment was over. No water was t£di:en. The results of the 
experiment are given in table 32. 

Table 32. — Measurements of metabolism — Calorimeter experiment No. N9, 



Date and period. 


'^^Sl'' Oxygen .Wbed. 


Respi- 

ratory 

quotient. 


Average 
pulse- 
rate. 


Average 
respira- 
tion rate. 


Total. 


Per 
minute. 


Total. 


Per 

minute. 


Dec. J4, 1910: 

8*» 21™ a.m. to 9** 06™ a.m 

9 06 a.m. 9 51 a.m 

9 51 a.m. 10 31 a.m 

Total 2 hrs. 10 min.» 


gma. 

11.0 

10.8 

9.6 


c.c. 
126 
121 
121 


gma. 

10.9 

12.0 

9.4 


c.c. 
169 
187 
164 


0.74 
.65 
.74 


61 

58 
58 


14 
15 
14 


31.4 


123 1 32 3 


174 


.... 


• • 


• • 









I Carbon dioxide eliminated per kik)gram per minute, 3.92 c.c: oxygm absorbed per kilogram per minute, 5.54 
;.c. The urine collected between 7 a.m. and 10° 55°^ a.m. amoi 



1.49 gms. of nitrogen and 10.6 gms. of sugar. 



amounted to 390 c.c, specific gravity 1.025, and contained 



CASE 0. 



DESCRIPTION OP THE CASE. 



Female; bom August 16, 1894; single; no occupation; onset of diabetes at 
age of 13, February 1908; sugar in urine, March 1908; came under our obser- 
vation April 18, 1908; died in coma December 10, 1910. 
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Family history, — ^No history of diabetes in the family. Father died of 
pneumonia; mother and brother well. 

Past history. — Scarlet fever, dysentery at 3 years of age, measles, mumps, 
whooping-cough, chicken-pox, enuresis noctuma which ceased at the age of 4. 
Had always a voracious appetite, sometimes eating six potatoes at a meal; ate 
much candy. 

General history of the case, — ^During the year preceding the onset of the dis- 
ease the patient developed rapidly both in height and weight. In February 
1908, she showed weariness. Early in March, polydipsia, polyuria, and poly- 
phagia were present, and sugar was demonstrated in the urine. One year pre- 
vious the urine had been examined and was said to be normal. 

During the whole period of illness the patient remained in good condition 
and attended school with comfort. The (Uet was rigidly adhered to and not 
relaxed except when the diagnosis was at one time doubted by the local physi- 
cian. Catamenia was established for the first time in March 1909. No 
essential change in the physical examination took place. The patient died in 
coma on December 10, 1910. 

Table 33. — Comparison of metabolism experiments in bed calorimeter toith Case N, 

EXPERIMENTS WITHOUT FOOD. 



Experi- 
ment 
No. 


Date. 


Weight of 
subject. 


TiCnffth 

of ezpen- 

ment. 


Per minate. 


Respi- 
ratory 
quotient. 


Average 
pulse per 
minute. 


Average 
respira- 
tion per 
minute. 


Carbon 

dioxide 

eliminated. 


Ozycen 
abaorbed. 


N2 
N4 

N5 
N6 
N7 
N8 
N9 


1910. 
Dec. 1 
Dec. 3' 
Deo. 5 
Deo. 7 
Deo. 10 
Dec. 12 
Deo. 14 


kilos. 
31.2 
30.5 
31.7 
32.0 
31.8 
31.7 
31.4 


AT. mtn. 
2 15 
2 15 
2 16 
2 15 
2 18 

1 40 

2 10 


e.c. 
133 
121 
12« 
130 
142 
130 
123 


e.c. 
179 
160 
171 
176 
187 
181 
174 


0.74 
.76 
.73 
.74 
.76 
.72 
.71 


75 
57 
56 
57 
78 
60 
59 


18.0 
13.5 
16.0 
16.5 
18.5 
15.0 
14.5 


EXPERIMENT WITH FOOD. 

1 


N3 


1010. kOoa. 
Dec. 2« 30.9 


kr. min. 
2 23 


c.e. 
138 


e.c. 
181 


0.76 


81 


15.5 

1 
1 



1 About 1 hr. 15 min. before experiment began, subject drank a small cup of black coffee. 
> About 1 hr. 30 min. before the experiment began, subject ate 300 gms. of cooked oatmeal. 

Physical examination, — ^A healthy appearing girl. Greatest weight, Janu- 
ary 1908, 60.8 kilos, without clothing; weight, April 20, 1908, 49.2 kilos, without 
clothing. Height, 173 cm. No acetone odor. Pupils equal and reacted to 
light; tongue and teeth normal. Few cervical and axillary glands. Apex of 
heart within nipple line; no murmurs. Nothing abnormal felt in abdomen. 
Knee-jerks normal. The greatest quantity of urine was approximately 5,000 
e.c, just previous to April 18, 1908. 

Urine data, — The course of the disease is given in table 34. Although the 
urine showed 4.8 per cent of sugar on April 18, 1908, it will be seen that under 
the restriction of the carbohydrates to approximately 10 grams the urine 
became sugar-free. The tolerance for carbohydrates gradually increased, and 
reached approximately 90 grams of carbohydrates in February 1909, where it 
remained until after October 28, 1909. The weight rose from 49.2 kilos., April 
20, 1908, to 55.8 kilos., July 28, 1909. The health was so good that the local 
physician would not believe that the patient had diabetes, and allowed a free 
diet on Thanksgiving Day, 1909. Sugar returned early in December 1909, but 
disappeared at once when the diet was again restricted. A tolerance of 55 
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grams of carbohydrate was reached February 18, 1910, but after April 21 of 
that year sugar was seldom absent until the patient's death. 

The reaction of the urine was acid throughout, except upon April 30, 1908. 
Diacetic acid was present when the patient was first seen, but disappeared 
when the urine became sugar-free, not returning until September 1910. The 
iS-oxybutyric acid reached 14.3 grains upon September 23-24, 1910, but the 
ammonia was low, which was due in ptut to the sodium bicarbonate admin- 
istered. 

Table 34. — Clinical chart — Case 0. 



Date. 



1908. 
Apr. lS-19. 
Apr. 19-20. 
Apr. 20-21. 
Apr. 21-22. 
Apr. 22-23. 
Apr. 23-24. 
Apr. 24-25. 
Apr. 25-28. 
Apr. 28-27. 
Apr. 27-28. 
May 1-2. 

1910. 
Sept. 8- 9. 
Sept. 9-10. 
Sept. 10-11. 
Sept. 11-12 s 
Sept. 12-13. 
Sept. 13-14. 
Sept. 14-15. 
Sept. 15-16 , 
Sept. 1^17.. 
Sept. 17-18 > 
Sept. 18-19 « 
Sept. 19-20 « 
Sept. 20-21.. 
Sept. 21-22.. 
8e9t.22-23V 
Sept 23-24* 
Sept 24-29 V 
Sept. 25-26.. 
Sept. 26-27.. 
Oct. 3-4.. 
Oct. 13-14.. 
Oct. 25-26.. 
Nov. 1*-17.. 
Nov. 29-30.. 



I 
"o 



e.e. 

1800 

2610 

1710 

1890 

1600' 

1650 

1650 

1590 

2970 

1650 

1830 

U140 
1830 
2200 
2640 
2340 
1470 
2760 
2760 
2940 
1440 
2820 
3420 
3420 
2880 
3280 
2877 
2410 
3270 
2460 
1860 
2210 
2300 
1750 
2000 



i 

o 

i 



1027 



n3 

1 

•43 



+ 






1017 
1030 

• • • • 

1027 
1025 
1025 
1019 
1024 
1015 
1028 
1023 
1026 
1022 
1025 
1021 
1023 
1025 
1022 
1024 
1029 
1028 
1029 
1034 
1031 



+ 

+ 

+ 







+ 
++ 

+ 
+ 
+ 

+++ 
+++ 

• *•«•• 

+++ 



+++ 
+++ 
+++ 
+++ 

++ 
+++ 
+++ 
+++ 
++++ 
+++ 



9 

I 



gnu. 



12.6 



13.0 
14.3 
14.1 



gnu. 



20.1 



Ammonia. 



13.0 



20.7 
20.1 

• • • • 

17.2 
15.6 
18.3 

8.7 
13.6 
12.9 
15.2 
14.1 
11.2 

8.0 
10.0 
11.1 
12.6 

• • • • 

14.9 
15.9 



I 



gmt. 

• • • • 

1.9 



1.9 



1.5 



1.7 



• ■ • • 

1.4 



0.8 
0.4 
0.5 

• » • • 



0.6 
O.S 

■ • • • 

0.9 
1.0 

■ • • • 

2.0 
2.4 



I 

2 



5 

^ 



p. u. 



7.8 



5.7 



3.6 
3.8 
3.0 



4.4 
S.I 

• • • • 

6.7 
6.5 

• • • • 

11.0 
12.4 



Sugar. 



gnu. 









32 
47 
27 
17 
43 
38 
64 
42 
50 
19 
64 
55 

• • 

62 
80 



■ 

.§ 
I 



gnu. 
50 
78 
44 
60 
42 
20 
17 
16 
12 



2 
44 

47 
53 
33 
13 
11 
22 
29 
29 
11 
27 
14 
40 
24 
43 

• • 

39 
44 

60 
49 
64 
49 
64 



.9 



a 



gnu. 
90 
90 
64 
60 
60 
40 
20 
15 
10 
12 
16 



10 
10 
10 
10 
10 
10 
10 
10 

145 
15 
15 
15 
15 
15 

165 
15 
15 
15 
20 



g 
2 



gnu. 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 





8 
20 
20 
20 
20 
30 
20 
20 
20 
30 
20 
20 
20 
20 
20 
16 
12 
12 



i 

a 



gnu. 
+ 40 
-H 10 
+ 20 

• • • 

-H 20 
+ 20 
+ 5 



+ 10 
+ 15 



35 
35 
45 
25 



- 20 

- 35 

+120 

• • • 

- 30 

- 25 

- 40 

- 29 
+115 

- S 

- 40 

- 40 

- 40 



• ■ • • 

49.2 
49.2 
49.2 
49.4 
49.5 
49.6 
50.2 
50.4 
50.0 
50.2 

50.9 
50.9 
51.4 
51.8 
52.2 
52.3 
52.4 
52.4 
51.6 
52.0 
53.0 
52.3 
52.7 
52.8 
52.9 
52.3 
52.6 
52.3 

• • « • 

52.5 
54.2 
53.6 

• • • • 

53.6 



1 12 hours. * Vecetable day. * Oatmeal day with 120 o.c. cream and 215 gma. batter. 

« Vegetable day, wiUi 240 c.o. cream. 'Vegetable day, 240 c.c. cream, 4 eggs. 

* Oatmeal day, 240 gms. oatmeal, 240 gms. batter, 120 o.c. cream. 



EXPERIMENTS WITH CASE O. 

Four respiration experiments were carried out with this subject, of vary- 
ing character. The vital statistics are as follows: 

Date of birth, August 16, 1894; height, 173 cm.; range in body-weight 
without clothing during experiments, 52.3 to 52.8 kilos. 

Respiration Experiment No. 01. 

Date, September 22, 1910. Body-weight without clothing, 52.8 kilos. 

On the day of the experiment the subject reached the laboratory, fasting, 
at 8** 05™ a. m., and lay down on the couch immediately after the pneumogr^h 
had been adjusted. The stethoscope was not used in this experiment, the pulse- 
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rate being counted at the wrist. The experiment began at 8** 23" a. m., con- 
tmnmg for three periods of 11 to 13 minutes, with intermissions of 10 to 17 
minutes, ending at 9** 26"* a. m. The subject remained quiet throughout all 
three periods, except for raising her hand to her head once in the first period. 
The surgeon's plaster was not used to close the mouth, nor did it appear to be 
necessary. The subject urinated at 7 a. m., and again after the experiment at 
9*» 30™ a. m. The results are given in tables 35 and 39. 

Table 35. — Residts of respiration experiment No. 01, 



Date and time. 


Duration. 


Carbon 

dioxide 

eliminated 

per minute. 


Oxygen 
abeorbed 

mmute. 


Respi- 
ratory 
quotient. 


Average 
pulse- 
rate. 


Average 

respira- 

rate. 


Sept. 22, 1910: 

8*»23"a.m 

8 53 a.m 

9 15 a.m 

Avenice 


min. aec. 
12 51 
12 29 
10 36 


c.e. 
167 
165 
167 


c.e. 
231 
219 
228 


0.73 
.75 
.73 


62 
63 
68 


17 

18 
18 




U66 


1226 


0.74 


64 


18 







I per minute, 4.28 o.c. 



Respiration Expebiment No. 02. 



Date, September 22, 1910. Body-weight without clothing, 52.8 kilos. 

This experiment was carried out in the afternoon of the day on which 
experiment No. 01 was made, after food had been taken. The diet for this day 
was that of a regular vegetable day, with the addition of 4 eggs and one-half 
pint of cream. The subject arrived at the laboratory at about 3 p. m., and 
immediately lay down upon the couch. The experiment began at 3** 12™ p.m., 
continued for three periods 11 to 12 minutes in length, with the usual inter- 
missions, and ended at 4** 16"* p. m. During the second period, some difficulty 
was experienced in obtaining a record of the pulse-rate. The subject was 
extremely quiet throughout the whole experiment. The records are given in 
tables 36 and 39. 

Table 36. — Results of respiration experiment No. OS. 



Date and time. 


Duration. 


Carbon 

dioxide 

eliminated 

per minute. 


Oxygen 

abeorbed 

per minute. 


Respi- 
ratory 
quotimt. 


Average 
pulae- 
rate. 


Average 

respirar 

tionrate. 


Sept. 22. 1910: 

>3»iy"p.m.... 

3 39 p.m.... 

4 06 p.m .... 

Average 


mtfi. aec. 
12 2 
12 3 
10 5 


e.c. 
208 
213 
197 


e.c. 
284 
299 
267 


0.73 
.71 
.74 


64 

«72 

69 


21 
17 
19 




«206 


•283 0.73 


• • 


19 











> The Bubjeot had probably takoi food before thiii experiment. ' One record at 3^ 47°* p.m. 

* Carbon dioxide eUminated per kilogram per minute, 3.90 c.e; oxygen absorbed per kilogram per minute, 5.36 c.e. 

Respibation Experiment No. 03. 

Date, September 23, 1910. Body-weight without clothing, 52.3 kilos. 

The experiment was made on an oatmeal day, the first being a fasting 
period, and the second period following an oatmeal breakfast. The subject 
then returned to the hospital, but after a dinner containing oatmeal, came 
back to the laboratory and two additional periods followed. The experunent 
was concluded by two periods after the subject had been again to the hospital 
and eaten a lunch containing oatmeal. 

In the morning she reached the laboratory at 7** 55" a. m., without break- 
fast, and lay on the couch about 10 minutes before the experiment began at 
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8*» 15™ a. m. There was but one 15-minute period at this tune, the subject 
Ijrmg very quietly throughout. 

Inunediately after the fasting period was over, she was given oatmeal, 
which was eaten between 8** 45"* a. m. and 8** 53" a. m. She again lay down 
upon the couch at 9*" 46" a. m.; the next period began at 10** 01" a. m., con- 
tinuing for 15 minutes. The subject was very quiet throughout the period. 

At 2 p. m. the subject returned from the hospital, and immediately on her 
arrival at the laboratory lay down upon the couch. The measurements were 
begim at 2** 15" p. m., continuing for two periods, 10 and 12 minutes long, 
respectively, with an intermission of 15 minutes. No blanket was used to 
cover the subject, as she seemed comfortable without it. 

For the later periods, the subject came to the laboratory at 5** 30" p. m., 
and the measurements began at 5** 38" p. m., continuing for two periods of 12 
and 13 minutes each, Tvith an intermission of 10 minutes. As in the previous 
periods, the subject lay very quietly. 

The results of the measurements are given in tables 37 and 39. 

Table 37. — Results of respiration experiment No, 03, 



Date and time. 


Duration. 


Carbon 

dioxide 

eliminated 

p^ minute. 


OxymsxL 
absorbed 


Reepi- 
ratory 


Average | Average 
pulae- i reepira- 






per minute. 


quotient. 


rate. 


tion rate. 


Sept. 23. 1910: 


mtfi. tec. 


c.c. 


C.C. 








Without food— 














8hl5°a.m 


14 45 


U65 


>232 


0.71 


60 


18 


After oatmeal—* 
l(^01™a.m.... 














15 1 


175 


235 


.74 


66 


18 


2 15 p.m 


11 55 


175 


257 


.68 


64 


17 


2 42 p.m.... 


10 9 


180 


254 


.71 


68 


17 


5 38 p.m 


12 9 


183 


252 


.70 


72 


16 


00 p.m 

Average with food . . 


12 45 


194 


276 


.70 


70 


16 




S181 


«257 


.71 


68 


17 





1 Carbon dioxide eliminated per kilogram per minute, without food, 8.15 c.c; oxygen absorbed per kilogram 

per minute, without food, 4.44 c.o. 
> Subject ate oatmeal between 8° 45°* a.m. and 8° 53" a.m. and throughout the day. (See notes.) 
'Carbon dioxide eliminated per kilogram pmr minute, with food, 3.46 c.c.; oxygen absorbed per kilogram 

per minute, with food, 4.91 c.c. 

Respibation Experiment No. 04. 

Date, September 24, 1910. Body-weight without clothing, 52.6 kilos. 

The subject arrived at the laboratory, without breakfast, at 8** 03°* a. m., 
and immediately lay down upon the couch. The experiment began at 8** 17" 
a. m., continuing for two periods of 12 and 13 minutes, with an intermission of 
13 minutes. In both periods she was very quiet, only one slight movement of 
the hands in the second period being noted. As the subject seemed tired at the 
end of the second period, the experiment was discontinued. The results are 
given in tables 38 and 39. 

Table 38. — EesvUs of respiration experiment No, 04- 



Date and time. 


Duration. 


1 

Carbon ' n.uo«.. 

dioxide 1 ,?iJ,& 
eliminated ^^^fe^ 
per minute. P^ '^»^' 


Respi- 
ratory 
quotient. 


Average 
pulae- 
rate. 


Average 

respira- 

tion rate. 


Sept. 24. 1910: 

8*»17°»a.m 

8 42 a.m 


mtn. ace. ' c.c. j c.c. 
12 6 155 213 0.73 
12 42 149 209 .71 


58 
60 


16 
16 


Average 


' »152 »211 .72 59 16 

1 



I Carbon dioxide eliminated per kilogram per minute, 2.89 o.c; oxygen absorbed per kilogram per minute, 4.01 c.o. 
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Table 39. — Statistics of urine — Respiration experiments Nos. 01-04. 



Date and period. 


Volume. 


Specific 
gravity. 


Total 
nitrogMi. 


Sugar. 


Sept. 22. 1910: . 

7«»00™a.m. to 9*'30"a.m 


ex, 
520 


1.010 


gm%. 
0.91 


gwi9, 
4.2 


9 30 a.m. 10 00 n.m 


105 


1.024 


.62 


2.5 


10 00 a.m. 12 noon 


600 
240 


1.019 
1.025 


1.64 
.74 


7.8 
4.1 


12 00 noon 3 00 p.m.>.... 


3 00 p.m. 6 00 p.m 


300 


1.029 


1.33 


3.4 


6 00 p.m. 8 15 p.m 


315 


1.029 


1.27 


3.4 


8 15 p.m. 11 45 p.m 


390 


1.031 


1.87 


5.7 


Sept. 22-23. 1910: 

IP 45" p.m. to 7»»00"a.m 










750 


1.024 


3.00 


11.0 


Sept. 28. 1910: 

7«»00"B.m.to 9*»10»a.m.«.... 


432 


1.016 


1.08 


5.9 


9 10 a.m. 11 30 n.m 


480 


1.022 


1.39 


9.3 


11 30 a.m. 4 00 p.m 


420 


1.018 


1.21 


6.3 


4 00 p.m. 7 15 p.m 


330 


1.027 


1.04 


6.4 


7 15 p.m. 9 20 p.m 


285 


1.026 


.79 


5.6 


Sept. 23-24. 1910: 

Q"* aO«» p.m. to 2*»15™a.m 










420 


1.034 


1.49 


8.3 


Sept. 24. 1910: 

2»» 15°» a.m. to 7*»00»a.m 


210 


1.035 


1.05 


4.1 


7 00 a.m. to 7 00 p.m 


1250 


1.025 


5.08 


5.9 


Sept. 24-25. 1910: 

7>» OOP* p.m. to 7'»00»°a.m 


1162 


1.023 


4.89 


•13.1 



1 Food was probably eaten at about noon. 

* Oatmeal wae eateo between 8^ 45bb a.m. and %^ 53™ a.m. and throughout the day. 

* Sugar by fermentation. 

CASE P. 



DESCRIPTION OP THE CASE. 

Male; bom May 10, 1894; single; no occupation; lost strength in Decem- 
ber 1910; came under our observation September 1911; diagnosis of diabetes, 
which was confirmed by his physician, in January 1911 ; died in comaNovember 
5, 1911. 

Family history. — ^Father and one sister well; mother in poor health; one 
sister died at 2 months, cause unknown. No history of diabetes in the family. 

Past history. — Measles. Always good health. As the family moved fre- 
quently from place to place he was much retarded in his studies at school; this 
caused him much anxiety, and he consequently worked very hard. 

General history of the case. — In December 1910, at the age of 17, his health 
failed, and the disease was diagnosed as diabetes in January 191 1 . He suffered 
from numerous furuncles which did not yield to local treatment, or treatment 
with vaccines. Worn out by these, the patient gradually failed, and suc- 
cumbed to coma on November 5, 1911. 

Physical examination. — Greatest weight, 49.9 kilos.; usual weight, 48.6 
kilos.; January 1911, 45.8 kilos.; September 16, 1911, 42.1 kilos.; all weights 
without clothing. Height, 173 cm. Acetone odor to breath. Examination 
negative except for numerous furuncles, especially about the neck. 

Urine data. — The quantity of urine in January 1911 was approximately 
5,000 c.c. The sugar disappeared after treatment for a month, but then per- 
manently returned. The reaction of the urine was acid throughout the period 
of observation. The ammonia amounted to 3.3 grams shortly after the patient 
came under observation in September 1911, rising to 6.5 grams October 14-15. 
The acidosis was so considerable that no great restriction of diet was attempted. 
The albumen never exceeded a very slight trace. The urinary record is given 
in table 40. 
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BXPERIHENTS WITK CASE P. 

With this subject, three bed-calorimeter experiments were made and eight 
respiration experiments; the larger part of these formed a part of two series. 
Series I, which was made on September 29, 1911, consisted of three experi- 
ments, i.e., a respiration experiment (P2), followed by an experiment with the 
bed calorimeter (P3), and concluded by a second respiration experiment (P4). 
Series II, which was carried out October 9-10, 1911, included five experiments, 
beginnii^ with a respiration experiment (P5) with the subject fasting, which 
was followed by two oatmeal experiments, the first with the bed calorimeter 
Table 40.— CKniMJ ehaH—Case P. 



Date. 


■1 

■5S 

j 


1 

6 
1 






, 




Smr- 


.3 


i 


J 


1 


1 


1 




si 


^ 


ISII. 


„. 


1030 

IS 

i 

1027 
1024 

10M 

1023 

102S 

IS 

lOM 

li 

lOM 

i 
ll 

iiii 




Ha 

§! 
»:« 

il 

22.4 

il 

14:1 

ill 


44 

!i 

4:4 
4:1 

*.i 
\l 

\l 
i.i 


p. a. 
30:4 

li 

27! 
23:7 


"13 

'bb 

■OS 

u 

'i 

ss 

■3.S 

1 

127 
140 

1 


'l30 

83 
AS 

01 

1 

84 
lOJ 

M 
M 


it! 


omj. 


tti«. 




ns 

33SCI 
£200 

a 

29S0 

2880 
3280 
1B4D 
3M0 

4000 

a+ 

4380 

uoo 

3100 

s 

4310 

3100 

4S20 


Bl. 

+ 








1 i|£| 








1 
1 
1 

! 
21 


40.8 

4o:s 
j»:i 




++++ 








40 
90 

K 

15 

40 


- M 

+100 

- 40 

-iiii 

+ 2 

-'to 

- 7S 
















SO ]40,7 
M '41:1 

ill 






























i 

12 


38.4 
38.0 
30.4 

n.i 

38.4 

3».3 

38! 

ii 




80 
80 

80 


- 60 

- 40 



































(P 6) and the other with the respiration apparatus (P 7) . In the fourth experi- 
ment (P8), the subject spent the night in the bed calorimeter, and the series 
was concluded by a respiration experiment (P9) following a beefsteak break- 
fast. A comparison of the data for the calorimeter experiments is given in 
table 57. The vital statistics for this subject were as follows: 

Date of birth, May 10, 1894; height, 173 cm.; range in hody-weight with- 
out clothing during experiments, 38.7 to 40.9 kilos. 
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Respiration Experimsnt No. PI. 

Date, September 25, 1911. Body-weight without clothing, 40.9 kilos. 

On the morning of the experiment the subject came to the laboratory, 
fasting, having had only a cupful of moderately strong coffee at 7 a. m. He lay 
down upon the couch at 7** 32" a. m.; mosquito netting was thrown over his 
face, shoulders, and arms; his feet were crossed and his arms folded upon his 
chest. The experiment began at 8** 64™ a. m., continuing for three 15-minute 

Tabus 41. — RestdU of retpiration experiment No, PI, 



Date and time. 


Duratum. 


Carbon 

dioxide 

eUminated 

per minute. 


Ozyian 

abaorbed 

per minute. 


Reflpiratory 
quotient. 


Averace 
pulae-rate. 


Avera^ 

reapiiation 

rate. 


8ept.^25. 1911: 

i8»»54»a.m 

9 24 a.m 

9 56 a.m 

AvNage 


ifita> 9tc» 
15 8 
14 59 
14 56 


164 
144 
145 


c.e. 
215 
214 
215 


0.76 
.67 
.68 


72 
72 
69 


18 
19 
19 




*151 


<215 


.70 


71 


19 







* Subject drank a cup of coffee (auite etroog) at 7 a.m. 

*Garboa dioxide eliminated per kgm. per minute, 3.69 o.o.; oxyiw absorbed per kgm. per minute, 5.S6 e.0. 

periods, with intermissions of 14 to 17 minutes. In the first period he un- 
crossed his feet at 9^ 04°" a. m. In the third period he moved his arm to his 
side, as it felt cramped. Aside from these movements, the subject was quiet 
and awake throughout the experiment. Previous to the experiment, he uri- 
nated at 7 a. m., and at 8^ 30°^ a.m. he urinated and defecated. The results of 
the experiment are given in tables 41 and 42. 

Table 42. — Statialice of urine — Respiration experiment No. PL 



Date and period. 


Volume. 


Specific Total 
gravity. aitrocen. 


Sugar. 


8ept..26, 1911: 

.»7'»00»°a.m.to 8>»30°»a.m 

8 80 a.m. 10 14 a.m 

Sept.,25-26, 1911: ^ 

10"14™a.m.to 7*»0(Pa.m 


cc 
197 
174 

2610 


1.026 
1.028 

1.029 


fflM. 

0.93 
.77 

12.91 


gma, 
5.0 
3.7 

82.9 



* Subject drank a onp of strong coffee at 7 a.m. 

Respibatign Experiment No. P2. 

Date, September 29, 1911. Body-weight without clothing, 39.7 kilos. 

This was the initial experiment of Series I, and was divided into two parts, 
the first part following a fast, and the second following the ingestion of food. 

The subject arrived at the laboratory, without breakfast, at 7** 40" a. m., 
and lay down upon the couch at 7** 52" a. m. At 8** 01" a. m. he drank a glass 
of water. The fasting portion of the experiment began at 8** 20" a. m., con- 
tinued for three periods of 14 to 15 minutes, and ended at 9^ 28" a. m. The 
subject then ate 375 grams of cooked oatmeal and 45.5 grams of cream, taking 
at the same time 4 grams of sodium bicarbonate in 100 c.c. of water, and 
drinking 200 c.c. of cold water. The food was taken between 9** 42" a. m. and 
10»> 34« a. m., although not all at one time. He urinated at 9** 30" a. m., and lay 
down on the couch again at 10** 35" a. m. for the final periods of the experiment; 
four IS-minute periods followed, beginning at 10** 51" a. m. and ending at 1 ** 04" 
p. m. He urinated at 11** 41" a. m. and again at 1** 26" p. m., after the experi- 
ment was over. The mouthpiece was used in all of the periods, the pulse and 
respiration rates being taken in the usucd maimer. After the third fasting 
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period the subject complained that his 1^ felt stiff from keeping still so long. 
He was awake and very quiet during practically all of the experiment, save for 
a few slight movements of the hands and feet which seemed to be due to 
nervousness. The results of the experiment are given in tables 43 and 46. 

Table 43. — BetuUa cf respiration experimerU No. Pt. 



Date and time. 


Duration. 


Carbon 

dioxide 

eiimioated 

perminate. 


absorbed 
perminate. 


Respiratory 
quotient. 


Averace 
polae-rate. 


Averafe 

respiration 

rate. 


Se|>t.20,1011: 

Witbpat food— 

8>»20«a.ro. 

8 46 a.m. 

13 a.m. 

Averace 


15 
14 3 
14 50 


e.e. 
147 
145 
147 


ex. 
205 
206 

214 


0.71 
.70 
.60 


60 
71 
75 


17 
17 
10 




1146 

177 
162 
162 
157 


>208 

240 
228 
232 
227 


.70 

.71 
.71 
.70 
.69 


72 

82 
80 
80 
77 


18 

10 
10 

19 
18 


Withfood- 
«10*»51»a.m. 

11 16 a.m. 

12 22 p.m. 
12 50 p.m. 

AvNage..... . 


14 55 

15 4 

14 57 
14 45 




M65 


>234 


.70 


80 


10 







1 Carbon dioxide eliminated per kiloaram per minute, without food, 3.6$ c.c; oxyien absorbed 

I)er kilocram pmr minute, without food, 5.24 o.o. 
•Subject ate 37^ gms. cooked oatmeal and 45J{ gms. cream between 0^ 42^ and O'* 55^ a.m. and 

between 1(P 30^ and 10** 34" a.m. 
*Carb(m dioxide eliminated pmr kilocram per minute, with food. 4.16 o.o.; oxjrgen abswbed per 

kilocram per minute, with food, 5.80 o.o. 

CAIOBDfBTBB EXPEBIMBNT No. P3. 

Date, September 29, 1911. Body-weight without clothing, 39.7 kilos. 

In this experiment, which was the second in Series I, the bed calorimeter 
was used for the first time with this subject. Food had been taken during one 
of the intermissions in the respiration experiment which preceded the calori- 
meter experiment. At 1^ 12°" p. m., a meal consisting of 241 grams oatmeal 
and 37 grams of cream was eaten, together with 4 grams of sodium bicarbonate 
taken in 100 c.c. of water. The subject entered the bed calorimeter at P 37" 
p. m. and the experiment began at 2** 20" p. m. After two 45-minute periods, 
the experiment ended at 3^ 50™ p. m. Both pneumographs, also the stetho- 
scope, were used for the regular records, but during the last 20 minutes of the 
second period the pulse-rate could not be obtained, as the subject had turned 
over on his side. He had boils on the back of his neck, but said after the exper- 
iment that he was very comfortable in the calorimeter, and, in fact, slept the 
greater part of the time. He urinated at 1** 26" p. m. and 3** 55" p. m. No 
water was taken during the experiment. The records of the experiment may 
be found in tables 44 and 46. 

Table 44. — Measurements of metabolism — Calorimeter experiment No, PS, 



Date and period. 


Carb(m dioxide 
eliminated. 


Oxygen abeorbed. 


Reapi- 

ratoiiy 

quotient. 


Average 
pulse- 
rate. 


Arerafle 

reipira- 

tionrate. 


Total. 


Per 
minute. 


'^^^^' ! minute. 

1 


Sept. 20, 1011: 

»2^a(Pp.m.to8*»05»p.m 

3 06 p.m. 3 50 p.m 

Total 1 hr. BOmin 


gnu. 
14.0 

• • • « 


e.e. 
S158 

• ■ ■ 


gms. 
14.6 
15.0 


e.e. 
227 
233 


0.70 

• • • • 


73 

70 


18 
17 


• • ■ • 


■ ■ • 


20.6 


*230 


• • • ■ 


• • 


• • 





1 Subject ate 241 grae. of cooked oatmeal and 37 ^ma. <rforearo between 1^ 12°* p.m. and 1^ 24^ p.m. 
* Carbon dioxide eliminated per kilogram per minute, 2** 20^ to 8^ (XP^p.m., 8.0B c.C| 
'Oxygen abaorbed per kik)cram per minute. 2" 2(P to 3^ 50^ p.m., 5.70 o.o. 
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Respiration Expibimsnt No. P4. 

Date, September 29, 1911. Body-weight without clothing, 39.7 kilos. 

This experiment was the third in Series I, respiration experiment P2 and 
calorimeter experiment P3 preceding it. ImmecUately after the subject had 
left the bed calorimeter, he ate 114 grains of oatmeal and 10.5 grams of cream 
between 4** 02"" and 4** 09™ p. m. At 4** 10°* p. m. he lay down upon the couch. 

Table 45. — Results of respiroHan experiment No, P4' 



Date and time. 


Duration. 


Carbon 

dioxide 

eliminated 

per minute. 


Oxygen 

absorbed 

per minute. 


Reeiriratory 
quotient. 


Average 
pulee-rate. 


respiration 
rate. 


Sept. 29. 1911: 
»4»»36«»p.m.... 
5 03 p.m 


mill. •«. 

14 59 

9 27 


ex. 
179 
169 


ex. 
241 

• • • 


0.74 

• ■ • ■ 


78 
82 


19 
19 


Average 




M74 


*Ul 


.74 


80 


19 







1 Subject ate 114 gms. oatmeal and 10.5 gins, cream between 4^ 02™ and 4** 09™ p.m. 

* Carbon dioxide eliminated per kilogram per minute, 4.38 c.c: oxygen absorbed per kilogram per minute, 6.07 0.0. 

At 4** 26" p. m. he took 4 grams of sodium bicarbonate in 100 c.c. of water. 
The experiment began at 4*» 36" p. m., continuing for two periods of 15 and 9 
minutes respectively, ending at 5** 12" p. m. He urinated at 3** 55" p. m. and 
5** 35" p. m. The mouthpiece was used in this experiment, also, in preference 
to the nosepiece. The subject was reported as comfortable, very quiet, and 
awake. The results of the experiment are given in tables 45 and 46. 

Table 46. — Statistics of urine — Respiration experiments Nos. P2 and P4f O'^d 

calorimeter experiment No. P3. 



Date and period. 


Volume. 


Specific 
gravity. 


Total 
nitrogim. 


Sugar. 


Sept. 29, 1911: 

»7»»00™a.m. to 9*»30"a.m 

9 30 a.m. 11 41 a.m 

*11 41 a.m. 1 26 p.m 

1 26 p.m. 3 55 p.m 

*3 55 p.m. «5 35 p.m 


ex. 
257 
255 
308 
365 
265 


1 023 
1.024 
1.026 
1.026 
1.046 


gru. 

91 
.78 
.80 
.98 
.67 


gmt. 
60 
8.4 
U 6 
15 8 
11.0 



> Subject ate 375 gms. oC cooked oatmeal and 45.5 gms. of cream and drank 800 c.o. of water between 

9»» 42" and 10** 34"» a.m. 

> Subject ate 241 gms. of cooked oatmeal and 37 gms. of cream and drank 100 c.c. of wat«r between 

l»» I2«n and ih 24" p.m. 
'Subject ate 114 gms. of cooked oatmeal and 10.5 gms. of cream and drank 100 c.o. of water between 

4'* 02" and 4*' 09" p.m. ^ . 

4 Subject ate 107 gms. of cooked oatmeal and 18.5 gms. of cream between 5° 3(P and 5^ 34" p.m. 

Respiration Experiment No. P5. 

Date, October 9, 1911. Body-weight without clothing, 40 kilos. 

This was the initial experiment in Series II. The subject fasted during 
the experiment, having taken no food for at least 12 hours preceding it. He 
came to the laboratory at 7^ 45°* a. m., lay down upon the couch at 7** 50™ a. m., 
and the experiment began at 8** 11"* a. m., continuing for two 15-ininute periods. 
The mouthpiece and noseclip were used instead of the nosepieces. The room 
was very warm before the experiment began, but by opening the windows a 
little the temperature was gradually lowered. Throughout the two periods 
the subject was very quiet. After it was over he complained that his mouth 
was dry and that he felt weak. He also said that his stomach was out of order 
and he was troubled by gas, but felt hungry. The records of the experiment 
are given in tables 47 and 52. 
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Table 47. — Results of respiration ezperimerU No. PS. 



Date and time. ! Duration. 

1 


Carbon 

dioxide 

eliminated 

per minute. 

e.e. 
148 
145 


1 
pw minute. <•««»»>»• 


Averace 
pulae-rate. 


reopi ration 
rate. 


Oct. 9. 1911: mill. tee. 

8^11»a.in 16 4 

8 37 a.m 1 16 8 


e.c. 

219 0.68 71 17 

212 .68 77 18 


Averace 


1147 ^21ft 1 AS < 74 18 1 


t 











> Carbon dioxide eliminated per kilogram per minute, 8.67 e.c; oxygen absorbed per kilogram per minute, 6.40 e.c. 

Calorimeteb Experiment No. P6. 

Date, October 9, 1911. Body-weight without clothing, 40 kilos. 

This experiment was the second in Series II, following the fasting experi- 
ment P5 with the respiration apparatus. Between 9** 15" a. m. and 9** 35"* 
a. m. the subject ate 355.7 grains of oatmeal, 52.1 grams of butter, and 49.3 
grams of cream. He defecated at 9** 18" a. m. Before entering the bed calori- 
meter the subject also took 4 grams of sodium bicarbonate in about 150 e.c. of 
water. The stethoscope and pneumographs were used, but considerable diffi- 
culty was found in adjusting the stethoscope properly. He entered the appa- 
ratus at 9^ 50" a. m., and the experiment began at 10^ 59" a. m., continuing 
for two 45-ininute periods, one 59-minute period, and one 36-minute period. 
During the third period he urinated at 1** 15" p.m. After the experiment the 
subject said he had been very comfortable throughout the whole time and had 
slept the greater part of the experiment. His statement was borne out by the 
records of the changes in the temperature of the calorimeter, for he was very 
quiet nearly all of the time. The measurements taken during the experiment 
are given in tables 48 and 52. 

Table 48. — Measurements of metabolism— Calorimeter experiment No. P6. 



Carbon dioxide 
eliminated. 



Oxygen abeorbed. 



Date and period. 



Total. 



Oct. 9. 1911: 



gmt. 



»l6*»69"a.m.toll'»44"a.m 16.5 

11 44 a.m. 12 29 p.m 

12 29 p.m. 1 28 p.m 

1 28 p.m. 2 04 p.m 



13.7 
18.4 
11.5 



Per 
minute. 



e.e. 
174 
156 
158 
163 



Total. 



gm». 
16.1 
12.7 
20.3 
9.4 



Per 
minute. 



Respi- 
ratory 
quotient. 



AvNage 
pulae- 
rate. 



Average 

reipiFa- 

tionrate. 



e.e. 
250 
198 
242 
183 



0.70 
.79 
.66 
.89 



77 
79 
81 
78 



18 
18 
17 
19 



Total 3 hn. 6 min.s. 



69.1 



163 



68.6 



221 



> Subject ate 866.7 gnoa. of cooked oatmeal, 62.1 fma. of butter, and 49.3 gms. of cream between 9^ 15°* and 9^ 35™ a.m. 
* Carbon dioxide euminated pmr kilogram pmr minute, 4.08 o.c. ; oxygen absorbed per kilogram per minute, 5.63 c.o. 

Respiration Experiment No. P7. 

Date, October 9, 1911. Body-weight without clothing, 40 kilos. 

This experiment, which was the third in Series II, was divided into two 
parts, the subject taUng food previous to the first and the fifth periods. After 
experiment P 6 was over, and the subject had left the bed calorimeter, he ate 
between 2^ 10°* p. m. and 2*^23" p. m., 297 grams of oatmeal, 46 grams of cream, 
and 44 grams of butter. He also took 4 grams of sodium bicarbonate in about 
100 e.c. of water, and drank 200 e.c. of water in addition. At 2** 28"* p. m. he 
lay down upon the couch, and the mouthpiece and noseclips were adjusted. 
The first part of the experiment began at 2** 36°* p. m., continued for four 
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periods, each from 10 to 15 minutes in length, and ended at 5** 05" p. m. In the 
first and second periods the subject thought there was a slight leak about the 
noseclip, especially during one of three long breaths taken in the second period. 
He was very quiet in these two periods, except for adjusting the noseclip in the 
first minute of the first period. Between the second and third periods he sat 
up between 3*" 09°" and 3** 37°* p. m., and drank 200 c.c. of water at 3** 10" p. m. 
He also drank 100 c.c. of water between the third and fourth periods, at4*» 47" 
p. m. In this intermission he slept most of the time. At the close of the fourth 
period he had a slight headache. 

Before the second part of the experiment, the subject ate at 5** 40" p. m. 
141.1 grams of oatmeal, 10.9 grams of butter, and 23.4 grams of cream. He 
also drank 100 c.c. of water. At 6 p. m. he defecated, and at 6** 10" p. m. he 
took 4 grams of sodium bicarbonate in 100 c.c. of water. At 6** 15" p. m. he 
drank 200 c.c. of water. He lay down upon the couch again at 6** 26" p. m., 
and four additional 15-minute periods followed, the first beginning at 6^ 44" 
p. m., and the fourth ending at 9** 40" p. m. Between the fifth and sixth 
periods he sat up, but lay down again at 7** 31" p. m. In the intermission 
between the sixth and seventh periods, he urinated at 8** 03" p. m., and also 
drank 100 c.c. of water. During this period he expressed himself as being 
quite tired, and lay down at 8^ 30" p. m. In the seventh period he was very 
quiet and awake, taking several long breaths near the end. He was reported 
as tired in the last period, also, and very quiet and awake. After the experi- 
ment was over he urinated and defecated at 9** 60" p. m. The records of the 
experiment are given in tables 49 and 52. 

Table 49. — Results of respiratian experiment No. P 7. 



Date and time. 


DuratioD. 


Carbon 

dioxide 

eliminated 

per minute. 


Oxygen 

abaorbed 

per minate. 


Respiratory 
quotient. 

0.74 
.68 
.66 
.73 


Average 
polee-rate. 


Averafe 

reepiration 

rate. 


Oct. 9^ 1911: 

>2*^8flPp.m.... 

2 53 p.m 

>3 56 p.m 

4 60 p.m 

Average 


min. tec. 
10 13 
15 8 
14 55 
14 48 


c.c. 
181 
165 
162 
169 


e.e. 
243 
243 
245 
232 


83 
88 
84 
86 


19 
20 
20 
20 




•169 ' "241 


.70 


85 20 


«6*»44"»p.m.... 

7 46 p.m 

8 47 p.m. . . . 

9 25 p.m 

Avence 


14 49 172 

14 59 161 

15 3 154 
14 59 153 


247 
262 
230 
230 


.70 
.62 
.67 
.67 


74 
73 
73 
80 


19 
20 
20 
21 




•160 


•242 


.67 


75 


20 







1 Oatmeal, 297 gms., butter; 43.6 gme., and cream, 45.7 sma*! were eaten between 2^ IQF*^ and 2^ 2^ p.m. 

* Subject slept most of the time between this and the following poiod. 

* Carbon dioxide eliminated per kilogram per minute, 4.23 c.c. ; oxygen absorbed per kilogram per minute, 6.08 o.o. 

* Oatmeal. 141.1 gms., butter, 10.9 gms., and cream, 23.4 gms., were eaten between 5*> 40^ and <i^ 15°^ p.m. 

* Carbon dioxide elinunated per kilogram per minute, 4 o.c; oxygen abeorbed per kilogram per minute, 6.05 o.o. 

Calordobter Experiment No. P8. 

Date, October 9-10, 1911. Body-weight without clothing, 40 kilos. 

In this experiment, which was the fourth of Series II, the subject spent the 
night in the bed calorimeter. When the subject entered the apparatus at 
10^ 15°" p. m., he was dressed in pajamas and socks, and two pillows and two 
blankets were given him. The stethoscope and the pneumograph about the 
chest were not used, but only the pneimiograph about the thighs to obtain a 
record of the muscular movements. The measurements of the metabolism 
began at 11** 49" p. m., October 9, and continued for six periods of varying 
length, ending at 7*^ 41" a. m., October 10. The subject was reported as having 
moved in the foinrth period; in the fifth period he moved about, telephoned, 
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urinated at 5*» 48" a. m., and drank 84 e.c. of water at about 5^30°* a. m. When 
telephoning he reported himself as feeling well. After the experiment was 
over he urinated again at 7** 52"* a. m. The measurements made are given in 
tables 50 and 52. 

Table 50. — Measurements of metabolism — Calorimeter experimerU No. P 8, 



Date and period. 


Carbon dioxide 
eliminated. 


Oxyien absorbed. 


Reepi- 

rat<ny 

quotient. 


Total. 


Per 
minute. 


Total 


Per 
minute. 


Oct. 9 and 10. 1911: 

» llh 49» p.m. to 12»» 49™ a.m 

12 49 a.m. 1 49 a.m 

1 49 a.m. 2 49 a.m 

2 49 a.m. 4 27 a.m 

4 27 a.m. 6 40 a.m 

6 40 a.m. 7 41 a.m 

Total 7 hra. 52 min.« 


gma. 
15.9 
16.5 
16.3 
27.7 
38.7 
18.2 


e.c. 
135 
140 
138 
144 
148 
152 


gm». 
17.0 
18.5 
17.3 
28.1 
41.0 
18.4 


C.C. 

198 
216 
202 
201 
216 
211 


0.68 
.65 
.68 
.72 
.69 
.73 


133.3 


144 


140 3 


208 


> • * • 









* Subject ate oatmealj butter, and cream between 5*> 40^ and 6^ 15™ p.m. 

* Carbon dioxide eliminated per kilogram per minute, 3.60 e.c. ; oxygen absorbed per Idlogram per minute. 5.20 e.c. 

Respiration Experiment No. P9. 

Date, October 10, 1911. Body-weight without clothing, 38.7 kilos. 

Previous to this experiment, which concluded Series II, the subject ate a 
breakfast between 8** 15"* a. m. and 8** 30™ a. m., consisting of 168.9 grams of 
beefsteak, 16 grams of butter, and 2 small onions, sliced and fried crisp. He 
also took 4 grains of sodium bicarbonate in 100 e.c. of water, and drank in addi- 
tion 250 e.c. of water. At 8** 35™ a. m. he lay down upon the couch ; the experi- 
ment began at 9** 05™ a. m., and continued for four 15-minute periods, ending at 
12** 10™ p. m. In all of the periods the subject was very quiet, except for slight 
movements of the hands and feet. Between the first and second periods the 
subject lay upon the couch and read a newspaper; between the second and third 
periods he sat up, but lay down again about 15 minutes before the next period 
began; during the intermission between the third and fourth periods the subject 
slept. He urinated at 10** 30™ a. m. and again at 12** 12™ p. m. During the 
experiment he drank water only once, 120 e.c. at 10** 30™ a. m. The records 
of the experiment are given in tables 51 and 52. 

Table 51. — Results of respiration experiment No. P9. 



Date and time. 

Oct. 10. 1911: 

19^05™ a.m 

9 57 a.m 

10 59 a.m 

11 55 a.m 

Average 


Duration. 

min. §ec. 
14 54 
14 52 
14 42 
14 50 


Carbon 

dioxide 

eliminated 

p^ minute. 


Oxygen 

aboorbed 

pmr minute. 


Respiratory 
quotient. 


Average 
pnlae-rate. 


Avera^ 

respiration 

rate. 


c.e. 
158 
160 
169 
172 


c.e. 
343 
244 
24S 
241 


0.65 
.68 
.68 
.71 


77 
79 
81 
85 


19 
20 
19 
19 




M66 


>244 


.6$ 


81 


19 







> Subject ate 168.9 gms. beefsteak, 16 gms. butter, and 2 small onions between S^ 15^ and S^ 30^ a.m. 
'Carbon dioxide eliminated per kilogram per minute, 4.29 c.e; oxygen absorbed pmr kilogram per minute, 6.80 c.e. 

Respiration Experiment No. PIO. 

Date, October 16, 1911. Body-weight without clothing, 39.1 kilos. 
This experiment was divided into two sections. The first three periods 
were fasting, no food having been taken since the evening meal of the day 
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before, with the exception of 60 c.c. of black coffee at 8 a. m. The last five 
periods followed the ingestion of food. The subject had a slight cold on the 
day of the experiment. 

Tablb 52. — StaHstics of urine — RetpiroUion experimenU Nas. P6 to P9 and 

caiortmeter experiments Nos. P 6 and P8, 



Date and period. 


Vohtme. 


Specific 
Cravity. 


Totol 
nitroces. 


Sacw. 


Oct. 0,1911: 

>7" 00^ a.m. to 9>» ly" a.m 


c.c. 




gnu. 


ffin$. 


280 


1.020 


0.92 


5.2 


13 a.m. 1 15 p.m 


480 


1.023 


1.41 


14.6 


* 1 15 p.m. 2 12 p.m 


144 


1.023 


.42 


4.5 


2 12 p.m. 5 06 p.m 


460 


1.025 


1.18 


14.4 


5 06 p.m. 8 03 p.m 


873 


1.023 


.84 


12.2 


8 03 p.m. 50 p.m 

Oct. »-10, 1011: 


256 


1.025 


.64 


6.9 










•Oh 50" p.m. to 5»« 48F* a.m 


610 


1.024 


2.13 


12.8 


Oet. 10, 1011: 










5»»48F»»ajn.to 7»»52«a.m 


232 


1.027 


.84 


6.1 


«7 52 a.m. 10 30 a.m 


350 


1.019 


1.00 


8.6 


10 80 a.m. 12 12 p.m 


270 


1.022 


1.01 


7.6 


Oet. 10-11. 1911: 










12»»12»»p.m.to 7»«O0F»a.m 


2760 




14.11 


79.8 



> Subject ate 855.7 gms. cooked oatmeal. 49.8 gme. cream, and 52.1 gms. butter between 
9B 16^ and 9^ 35^ a.m.. and drank 150 c.c. water at 10 a.m. 

* Subject ate 297 cn»' cooked oatmeal, 45.7 ima. cream, and 43.6 gms. butter, and drank 

800 c.c. of water between 2>> 10^ and 21* 23^" p.m. 
•Subject ate 141.1 ama. cooked oatmeal, 23.4 gms. cream, and 10.0 gms. of butter, and 
drank 400 c.c. oi water between 5>> iSF and 6>* 15™ p.m. 

* Subject ate 1(K.9 gms. beefsteak, 16 gms. butter, and 2 small onioos, and drank 350 c.c. 

water between 8>» 15™ and 8>» 30^ a.m. 

As usual with this subject, the mouthpiece and noseclip were substituted 
tofr the nosepieces. Both pneumographs were used, also the stethoscope. The 
subject lay down upon the couch at 8^ 17"" a. m. The experiment began at 
gh 4gm 1^ jQ^ continued for three periods 12 to 15 minutes in length which ended 
at 9^ 48°" a. m. The subject then ate 301.5 grains of beefsteak and 20.8 grams 
of butter, finishing at 10^ 10°^ a. m. He dra^ with the food 600 c.c. of water 

Table 53. — ResuUa of retpiraiion experiment No. PIO. 



Date and time. 


Duration. 


Carbon 

dioxide 

eliminated 

per minute. 


absorb 
per minute. 


Respiratory 
qaotient. 


Average 
pulse-rate. 


Averafs 
rate. 


Oct. 16. 1911: ^ 
Without food. 

»8»»48F»»a.m.... 

9 11 a.m 

9 86 a.m 

Average 


min. see. 

14 55 

15 3 
11 85 


e.e. 
150 
154 
152 


e.e. 
221 
217 
219 


0.72 
.71 
.69 


75 

77 

n 


17 
19 
19 




>155 

164 
166 
178 
169 
181 


>219 

241 
247 
260 
257 
256 


.71 

.68 
.67 
.68 
.66 
.71 


76 

79 
82 
83 
81 
88 


18 

19 
19 
19 
17 
20 


With food. 

•10»»38«a.m.... 

11 28 a.m.... 

12 22 p.m 

1 00 p.m.... 
1 31 p.m.... 

ATerage 


15 
15 7 
14 44 

14 43 

15 3 




M72 


«252 


.68 


83 


19 







> Subject drank 60 c.c. of black coffee at 8 a.m. 

sCarbon dioxide ^miaated per kik)gram per minute, without food, 3.96 cc; oxygea absorbed par 
kilogram per minute, without food, 5.60 c.c. 

> Subject ate 301 5 gms. beefsteak and 20.8 gms. butter between O^^ 53™ and IQl^ 10^ a.m. 

^Carbon dioxide euminated per kilogram per minute, with food, 4.40 c.c; oxygen absOTfoed per kilo- 
gram per minute, with food, 6.45 c.c. 

and took 4 grams of sodium bicarbonate in about 100 c.c. of water. The next 
period began at 10** 38" a. m., the five 15-minute periods ending at 1^ 46" p. m. 
The subject was very quiet throughout the experiment, only slight movements 
being reported. During the last three periods he said he felt rather tired; in 
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the seventh period he was sleepy, and the observer thought the lips dropped 
away from the mouthpiece and that the subject fell asleep once. He was 
awake in the last period, however. In the intermission between the fourth 
and fifth periods he lay upon the couch reading a newspaper. Between the 
sixth and seventh periods he left the room to telephone, and lay on the couch 
only about 5 minutes before the next period began. Between the seventh and 
eighth periods he stood up and took some water. In addition to the water 
tfl^en with the food he drank one glassful at 8.25 a. m., 100 c.c. at 12^ 44°" p. m., 
and 100 c.c. at 1** 25"* p.m. He urinated at 7 a.m., 9** 50" a.m., 12*» 11" p. m., 
and 1** 48" p. m. The records of the experiment are given in tables 53 and 54. 

Table 54. — StcUisHcs of wine — RespiraHon experiment No, PIO, 



1 

Date and period. 


Volume, i Spedfio 


Total 
nitrocen. 


Socar. 


Oct. 16, 1911: 

>7*»0(Pa.in. to 9*»6(P 


1 
e.e. \ 

362 ■ 1.024 
282 \ 1.025 
210 1.025 

2040 


gmt. 
1.82 
1.54 
1.28 

11.49 


gmM. 
8.9 
6.2 
4.9 

59.8 


*9 50 a.m. 12 11 o.m 


12 11 p.m. 1 48 D.m 


Oct. 16-17. 1911: 

lb48mp.in. to 7**0(P»a.m 









1 SabJeot drank 60 c.c. o( black coffee at 8 a.m. and 200 c.c. of water at 8^ 25™ a.m. 
s Subject ate 301.5 sms. of beefsteak and 20.8 gma. of butter and drank 700 c.c. of 
water between 9*^ 53°* a.m. and 10° 25°> a.m. 

Respiration Experiment No. Pll. 

Date, October 25, 1911. Body-weight without clothing, 39.1 kilos. 

This experiment was similar to the preceding experiment in that it was 
divided into two parts, the subject fasting in the first three periods, and the 
last periods following the taking of food. The mouthpiece and noseclips 
were used instead of the nosepieces. On the morning of the experiment, the 
subject came to the laboratory without breakfast, and lay down upon the 
couch at 7** 35" a. m. The first three 15-minute periods b^an at 7** 59" a. m., 

Table 55. — RmvUs of respiration experiment No. PIL 



Date and tame. 


Dnrataon. 


Garboa 

dioxide 

eliminated 

per minute. 


Oxygen 

abaorbed 

per minute. 


Respiratory 
quotient. 


Average 
pttlse-^ate. 


Averafe 

reapiraiion 

rate. 


Oct. 25, 1911: 

Without food— 

7'»5JF'a.m 

8 26 a.m.... 
8 49 a.m 

Avwacf^ 


mill. $ee. 

15 
15 5 
14 59 


ex. 

145 
146 
147 


ex. 

201 
202 
210 


0.72 
.72 
.70 


66 
69 
71 


17 
18 
19 




>146 

149 
160 
194 
172 


>204 

244 
243 
265 
244 


.71 

.61 
.66 
.78 
.70 


69 

74 
74 
76 
74 


18 

16 
19 
19 
18 


Withtood— 

l(?>10°»a.m«.... 

11 16 a.m 

12 82 p.m 

1 81 p.m 


14 56 

14 56 

15 15 
15 2 


A VMPAMtt 




M69 


>249 


.68 


75 


18 





> Carbon dioxide eliminated per kgm. pw minute, without food, 3.73 o.c.; oxygen abaorbed per kgm. par 
minute, without food, 5.22 c.c. 

* Subject ate 284.5 cms. beefsteak, 23.3 gms. butter, and 2 small onions between 9*^ 24™ and 9*^ 41*" a.m. 

* Carbon dioxide eliminated per kilogram per minute, with food, 4.32 o.c. ; oxygen absorbed per Idlogram 

per minute, with food, 6.37 c.c. 

and ended at 9** 04"* a. m. The subject then ate, between 9.24 and 9.41 a. m., 
284.5 grams of beefsteak, 23.3 grams of butter, and two small onions, fried. 
He also took 4 grams of sodium bicarbonate in 100 c.c. of water. After eating^ 
he lay down upon the couch at 9^ 43°" a. m., and the four succeeding periods 
began at 10^ 10°^ a. m., ending at 1^ 46°" p. m. He was very quiet and awake 
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throughout all of the periods. Several slight motions were reported by the 
observer. The third period seemed very long to the subject. He was sleepy 
in the period directly following the taking of food, but did not go to sleep. In 
the intermission between the sixth and seventh periods he sat up for a time and 

Table 66. — StaHsHcs of urine — Respiration ezperimerU No. PH. 



Date and period. 


Volume. 


Specifio 
sravity. 


Total 
nitrogeiL 


Sugar. 


Oct. 25. 1011: 

7»» OOP* a.m. to 10*» 5tf» a.m.>. . . . 
10 50 a.m. 1 00 p.m 

1 00 p.m. 2 45 p.m 

Oct. 25-26, foil: 

2k 45P» p.m. to 7'»00"a.m 


e.e. 
476 
800 
276 

2200 


1.022 
1.023 
1.024 

1.024 


QM9, 

1.06 
1.75 
1.56 

12.54 


gnu. 

11.6 

10.4 

6.0 

67.8 



1 Subject ate 284.5 gms. beeCsteak, 23.3 ^ms. butter, and 2 small onions, and drank 
500 C.C. water between 0** 24™ and 0'^55™ a.m. 

said he felt quite tired. In this intermission, also, he drank a glass of water 
containing 4 grams of sodium bicarbonate. The subject urinated at 7 a. m., 
10^ 50" a. m., 1 p. m., and 2** 45"* p. m. The records of the experiment are 
given in tables 55 and 56. 

Table 57. — Comparison of metabolism experiments in bed calorimeter with Case P. 

EXPERIMENT WITHOUT FOOD. 



Experi- 
ment 
No. 


Date. 


Wdcht 
sabjeet. 


Length 
(rf ex- 
periment. 


Ptt-mimtte. 


Respi- 

ratcoy 

quotient. 


Averace 
pulse 

minute. 


Averafe 
reqHra- 
tionper 
minute. 


Carbon 
dioxide 
elimi- 
nated. 


OxjTBBn 

absorbed. 


P8 


1011. 
Oct. 0-10 ». 


40.0 


kr». min. 
7 52 


e.e. 
144 


e.c. 
308 


0.60 


■ • 


• • • ■ 


EXPERIMENTS WITH FOOD. 


P3 
P6 


1011. 
Sept.20>.. 
Oct. 0*.. 


U2m. 
30.7 
40.0 


kr». min, 
I 30 
3 05 


e.e. 

U58 

163 


e.e. 
230 
221 


•0.70 
.73 


72 
70 


17.5 
18.0 



1 About 6 hours before the beginning o( the experiment the subject ate 141.1 gms. cooked oatmeal, 28.4 gms. 

cream, and 10.0 cms. butter. 
* About 1 iKxir beforeoefinning of experiment the subject ate 241 gn&s. cooked oatmeal and 37 gn&s. cream. 
*The carbon dioxide eliminated and the reqnratory quotient for this experiment are for tlw period 

2b 20™ to 3'» 05" p.m. 
^About 1 hour 30 minutes before the experiment began the subject ate 355.7 gms. cooked oatmeal, 52.1 

gms. buttMT, and 40.3 gms. cream. 

CASE Q. 

DESCRIPTION OF THE CASE. 

Male; bom March 1, 1896; single; no occupation; developed symptoms of 
diabetes at the age of 13, September 1909; came imder our observation Novem- 
ber 1910; diagnosed as diabetes January 1910; died in coma March 14, 1911. 

Family history. — ^No history of diabetes in the family. Father, mother, 
and one brother well. 

Past history. — Greatest weight, 54.0 kilos, without clothes; weight Novem- 
ber 13, 1910, 51.6 kilos, without clothes. Measles, mumps, whooping-cough, 
severe tonsilitis in 1907. 

General history of the case. — Symptoms of diabetes were first observed in 
September 1909. A single specimen of urine voided on rising in August 1909 
was free from sugar. In November 1909 a sticky deposit was observed about 
the urinal, but diabetes was not proved present until January 1910. The con- 
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dition of the patient while at the hospital in November 1910 was critical. 
From December 28, 1910, to March 1, 1911, he was under the care of Dr. A. J. 
Hodgson, at Waukesha, Wisconsin, where he gained in weight up to 54.9 kilos, 
without clothing. The treatment was said to have consisted of a laxgid quan- 
tity of v^etables, nuts, and water. Unfortunately no analysis of a specimen 
of the 24-hoiu' quantity of urine was made during this period. Death occurred 
in coma March 14, 1911. An examination of the organs of the patient was 
made by Prof. F. B. Mallory, of the Harvard Medical School, who writes that 
it showed absolutely nothing abnormal ; the pancreas was in all respects normal. 

Physical examinaHon. — ^A well-developed and nourished boy with good 
color. Height 168 cm. Pupils equal and reacted to light. Knee-jerks nor- 
mal. No edema. High-arched palate. Pulse-rate 96. Physical examina- 
tion was otherwise n^ative in September 1910. 

Urine data. — ^The urinary record is given in table 58. Previous to Novem- 
ber 1910, when the patient first came under observation, the greatest quantity 
of urine was 3000 c.c. It subsequently rose to 3500 c.c. on Dumber 15, 1910, 
but after that date there is no acciurate record. The reaction of the urine was 
acid during this period. The ammonia reached 6.4 grams on December 15, 
1910, and on November 18-19, 1910, the quantity of |8-oxybutyric acid was 30 
grams. The albumen never exceeded a very slight trace. During the sunmier 
of 1910, the patient was sugar-free for several months. Throughout the period 
of observation, 20 grains of sodium bicarbonate were given the patient each day. 

Table 5S.— Clinical chaH—Case Q. 



Date. 


•8 




"o 




> 


1910. 


c.c. 


Nov. 12-18 


>3030 


Nov. 13-14 


3000 


Nov. 14-15 


3260 


Nov. 16-16 


3200 


Nov. 1«-17 


2200 


Nov. 17-18 


2620 


Nov. 18-19 


2820 


N«r. 1»-20 


2S70 


Nov. 20-21*.... 


2520 


Nmt. 21-22*.... 


1410 


Nmt. 2^-23«.... 


1865 


Nmt. 23-24».... 


• • • • 


Nov. 24-25 


2250 


Nov. 25-28 


3500 


Dec. 14-15 


3500 



I 



1036 
1032 
1029 
1032 
1034 
1034 
1033 
1027 
1029 
1037 

ias8 

• • • • 

1033 
1030 
1035 



1 

o 



+++ 

++++ 

++ 

++++ 

++++ 

++++ 

+++ 

+++ 

+++ 

+++++ 

++++ 

+ 

+++ 

++ 



fIfM. 



25.4 
30.0 
27.6 
26.7 
19.7 
19.6 



gm». 

20.2 
18.7 
17.0 
16.6 
18.1 
15.6 
14.0 
11 

7 

7 



.2 
.0 
.0 



12.3 
13.7 



Ammonia. 



gmt. 



3.9 
4!8 

• « • 

5.2 
4.6 
4.0 
3.0 
2.2 



6.4 






p.d. 



17.2 

• • • • 

23.8 

■ • • • 

27.4 
27.0 
29.4 
36.3 
25.9 



Sugar. 



8- 



8 



«-^ 



gniM. 

m 

• « • 

104 
83 

iii 

67 
73 
08 
92 

90 
117 



I 

i 

n 



gmM. 
121 
93 
75 
90 
70 
94 
96 
61 
60 
63 
81 

• • • 

81 
105 
140 



.9 
i 



a 



gnu. 

55 
55 
55 
55 
55 
55 
56 
55 
166 
166 

'26 




gm». 

• • • • 

-50 
-20 
-50 
- 3 
-40 
-55 
-10 
-20 
+96 
+76 

-70 



kilo9. 

51.6 

52.5 

52.1 

51.5 

51.3 

51.1 

51.6 

61.4 

51.4 

61.6 



'Vegetable day; vegetablea, 6 egp, 240 e.o. cream, bacon, ooflfee, broths. 
*For24Jhrs.; oatmeal day. ^Ckttmealday. 



egn, 
•Po 



or record of urine for Nov. 23-24, see table 63. 



1 For 20 hours. 

»For24§hr8.; ( 

* NaHCOs given each day, 20 gms. 

EXPERIMENTS WITH CASE Q. 

Four calorimeter experiments were made with this subject, all with the 
bed calorimeter. In the first and fourth experiments, the metabolism after a 
12-hour fast was studied, and in the second and third experiments, after the 
ingestion of oatmeal. A comparison of the results of these experiments is 
made in table 64. There were no respiration experiments with this subject. 
The vital statistics were as follows: 

Date of birth, March 1, 1896; height, 168 cm. ; range in body-weight with- 
out clothing during experiments, 51.4 to 52.0 kilos. 
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Calorimbtbb Exfbbiment No. Q1. 

Date, November 19, 1910; body-weight without clothing, 51.4 kilos. 

The subject came to the laboratory early in the morning without break- 
fast and entered the bed calorimeter at T^'IO™ a. m. The experiment began at 
8** 09™ a. m., and continued for three 45-minute periods, ending at 10*" 24°* a. m. 
The pulse and respiration rates were obtained in the usual way. Throughout 
the whole experiment the subject lay on his back, reading, and was very quiet. 
After the experiment was over he said that although he felt rather warm he was 
very comfortable and found his stay in the chamber pleasant. The records 
of the experiment may be found in table 59. 

Table 59. — MeasuremerUs of metabolism — Calorimeter experiment No, Q L 



Date and period. 


Carbon dioxide 
eliminated. 


Oxygen abeorbed. 


Respi- 

ratoiy 

quotient. 


Average 

pulae- 

rate. 

79 
79 
79 


Average 
respira- 
tion rate. 


Total. 


Per 

minate. 


Total. 


Per 
minute. 


Nov. 19, 1910: 

8»'09»*»a.m.to 8*»54»a.m 

8 54 a.m. 9 39 a.m 

9 39 a.m. 10 24 a.m 

Total 2 hra. 15 miiis.i 


gm*. 
16.4 
15.4 
14.9 


c.e. 
184 
174 
160 


gnu. 
15.5 
15.5 
13.8 


c.e. 
241 
241 
216 


0.77 
.72 
.78 


23 
20 
19 


46.7 


176 


44.8 


232 


• • • • 


• • 


• • 





> Carbon dioxide eliminated per kiloptim per minute, 3.42 o.c; oxjrgea abeorbed per kilogram per minute, 4JS1 c.e. 
The urine collected between 9r 45™ and 10*^ 43™ a.m. amounted to 270 o.c; apeeifio gravity 1.029, and contained 
1.75 gms. nitrogen and 8 gma. augar. 

Calorimeter Experiment No. Q2. 

Date, November 21, 1910. Body-weight without clothing, 51.5 kilos. 

Previous to coming to the laboratory at 7 a. m. the subject ate a break- 
fast consisting of approximately 60 gms. oatmeal (weight uncooked) and 90 
gms. cream. He entered the bed calorimeter at 7^ 20°* a.m.; the experiment 
began at 8** 18°* a. m., and continued for three 45-minute periods, ending at 
lO** 33"* a. m. The subject was dressed in his ordinary clothing, and lay on 

Table 60. — Measurements of metabolism — Calorimeter experiment No, Q i. 



Date and period. 


Garbon dioadde 
eliminated. 


Oxygen abeorbed. 


Reepi- 

ratory 

quotient. 


Average 
pulse- 
rate. 


Average 
respira- 
tion rate. 


Totol. 


Per 

minute. 


Total. 


Per 

minute. 


Nov. 21, 1910: 

>8''18P»a.m.to 9*»0aF»a.m 

9 03 a.m. 9 48 a.m 

9 48 a.m. 10 33 a.m 

Total 2 hra. 15 min.» 


gnu. 
17.6 
17.0 
16.4 


c.e. 
199 
192 
186 


gm». 
148 
159 
15.9 


c.e. 
230 
248 
247 


0.86 
.78 
.75 


81 
83 
83 


18 
20 
30 


51.0 


192 


46.6 


242 


• • « « 


• • 


• • 





> Subject ate for breakfast at about 6** 33°* (?) a.m. approximately 60 gma. oatmeal (weight uncooked) and 

90 gms. cream. 
*Carb<» dioxide eliminated pa- kilogram per minute, 3.73 c.e ; oxygen absorbed per kilogram per minute, 4.70 e.o. 

a pneumatic mattress, with his head resting upon two pillows and lifted to an 
angle of 35** by means of a wooden head-rest. Throughout the experiment he 
lay very quiet on his back, without reading. Just before entering the calorim- 
eter the subject drank water, but no water was taken during the experiment. 
He urinated at 6** 50°* a. m., before coming to the laboratory, and again at 
10** 51°* a. m., after the experiment was over. The records are given in tables 
60 and 63. 
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Calorimeteb Experiment No. Q3. 

Date, November 22, 1910. Body-weight without clothing, 51.8 kilos. 

This experiment also followed the ingestion of oatmeal, the subject eating 
a breakfast consisting of approximately 70 gms. of oatmeal (weight uncooked), 
15 gms. butter, and 60 gms. cream. The subject reached the laboratory at 
7** 35" a. m., entered the bed calorimeter at 7** 46"» a. m., and the experiment 
began at 8^ 26°* a. m., continuing for three 45-minute periods and ending at 
10** 45°* a.m. The subject was very quiet during the first two periods, and 
was probably asleep during the second period. At the beginning of the third 
period he began reading and continued to read until shortly before the close 
of the experiment. The subject urinated both before and after the experi- 
ment, at 7** 20°* a. m. and 11** 05°* a. m. respectively. The records are given 
in tables 61 and 63. 

Table 61. — MeaauremerUs of metabolism — Calorimeter experiment No, Q S, 



Date and period. 


Carbon dioxide 
eliminated. 


Oxsrgen abeorbed. 


Reepi- 

ratory 

quotient. 


Average 
pulae- 
rate. 


Averace 

requra- 

tionrate. 


Total. 


Per 

minute. 


Total. 


Per 
minute. 


Nov. 22, 1910: 

»8*»2«"a.m.to 0»»12^a.m 

9 12 a.in. 9 57 a.m 

9 57 a.m. 10 45 a.m 

Total 3 hrs. 19 min.* 


gm». 
16.8 
15.9 
16.7 


c.e. 
170 
180 
178 


gnu. 
15.5 
14.3 
15.9 


e.c. 
235 
222 
232 


0.76 
.81 


70 
68 
66 


23 
23 
26 


48.9 


179 


45.7 


230 


• • • • 


• • 


• • 





1 Subject ate for breakfast at about 7 (?) a.m. approximately 70 gms. oatmeal (weight uncooked), 15 gms. 

butter, and 60 gms. cream. 
'Carbon dioxide eliminated per kilogram per minute, 3.46 c.e. : oxygen abeorbed per kilogram per minute, 4.44 c.o. 

Calorimetbr Experiment No. Q4. 

Date, November 23, 1910. Body-weight without clothing, 52.0 kilos. 

On the morning of the experiment the subject came to the laboratory with- 
out breakfast at 7** 35" a. m., and entered the bed calorimeter at 7** 42"» a. m. 
The experiment began at 8** 35"* a. m., and continued for three 45-minute 
periods, ending at 10^ 50°* a. m. Throughout the experiment the subject was 
very quiet, not even reading. He urinated both before and after the experi- 
ment; at 7** 25" a. m. and 11** 03" a. m., respectively. The records of the experi- 
ment are given in tables 62 and 63. 

Table 62. — Measurements of metabolism — Calorimeter experiment No, Q ^. 



Date and period. 


Carbon dioxide 
eliminated. 


Oxygen absorbed. 


Reepi- 

ratory 

quotient. 


Average 
pulae- 
rate. 


Average 

reapira- 

tion rate. 


Total. 


Per 
minute. 


Total. 


Per 
minute. 


Nov. 23. 1910: 

8*» 85°» a.m. to 9*'20°»a.m 

20 a.m. 10 05 a.m 

10 05 a.m. 10 60 a.m 

Total 2 hrs. 15 min.* 


gnu. 
15.3 
15.7 
14.3 


ex. 
173 
178 
162 


gms. 
13.7 
15.3 
13.5 


e.c. 
213 
238 
210 


0.81 
.76 
.77 


163 
66 
65 


30 
28 
31 


45.3 


171 


42.5 


220 


.... 


• • 


• • 





> One record at 0^ 18^ a.m. 

sGarbcodioxideeliminated per kilogram pa'minute.3.20 CO.; oxjrgen absorbed per kilogram per minute. 4iS3o.e. 
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during 1907. On January 24, 1908, 0.3 per cent of sugar was present; in April 
of the same year Prof, von Noorden found diflSculty in making the urine 
sugar-free despite vegetable days and oatmeal days, and following the patient's 
visit to Vienna the sugar was invariably present. Along with the gradual 
increase in acidosis which was first noted in 1908, the diet was gradually 
relaxed, and apparently each time with benefit. During the latter part of 
December 1911 tuberculosis appeared and the weight fell rapidly. With the 
appearance of the tuberculosis there was a gradual increase in the tolerance for 
carbohydrates and a decrease in the acidosis, a condition similar to that which 
occurred in Case A. Similar occurrences have been recorded by various writ- 
ers. All data relating to the case from the beginning of observation, June 27, 
1910, until death on March 14, 1912, can be considered absolutely reliable. 

Physical examination, — Greatest weight, 66.7 kilos, without clothing; 
June 27, 1910, 60.5 kilos, without clothing. Height, 181 cm. Pupils equal 
and reacted to light. Teeth in excellent condition, undoubtedly due in part 
to cleansing by dentist every 6 weeks. Lungs normal. Heart, apex m mammil- 
lary line, systolic at base and apex. Blood-pressiu'e, 126. Pulse-rate, 96. 
Right kidney large and palpable throughout. Liver, spleen, and left kidney 
not palpable. No note of abnormality of knee-jerks. 

Urine data, — ^The reaction of the urine was acid throughout the period of 
oiu: observation, but according to von Noorden's records, it had previously 
been alkaline several times. The acidosis was extreme from June 1910 untU 
the last few months of life. In no other case coming under oiu* observation has 
the quantity of |8-oxybutyric acid been greater than with this patient, increas- 
ing to over 50 grams in March, April, August, September, November, and 
December 1911, the amount on Christmas Day being 54.8 grams. Although 
the amount of nitrogen in the diet was kept at a moderate level, the ammonia 
was high from the first, reaching 8 grams in February 1911, notwithstanding 20 
grams of sodium bicarbonate were being taken daily. The quantity of sugar 
steadily rose from approximately 50 grams in Jime 1910 up to 200 grams in 
March 1911, but subsequently somewhat decreased, falling far below this in 
the spring of 1912, coincident with the presence of tuberculosis. A minus car- 
bohydrate balance was present from June 1910 until the last two months of 
life. The body-weight slowly fell from 60.5 kilos, on June 29, 1910, to 34.5 
kilos, on March 23, 1912. The urinary record is given in table 65. 

EXPERIMENTS WITH CASE R. 

With this subject one calorimeter experiment was made, in which the sub- 
ject fasted and the bed calorimeter was used; three respiration experiments 
were also made, each of which was preceded by the ingestion of food. The 
vital statistics were as follows: 

Date of birth, March 16, 1863; height, 181 cm.; range in body-weight 
without clothing during experiments, 55.3 to 58.2 kilos. 

Respiration Expbrimbnt No. R1. 

Date, August 1, 1910. Body-weight without clothing, 56.4 kilos. 

This was intended to be only a trial experiment, since it was the first 
respiration experiment with this subject. After a breakfast consisting of 36 
gms. of Quaker oats (weight uncooked), 125 c.c. of cream, 2 eggs, one-half 
biscuit, and 2 cupfuls of coffee containing 100 c.c. of sugarless diluted milk, 
also 4 grams of sodium bicarbonate in water, the subject came to the labora^ 
tory and lay down upon the couch at 9** 50" a. m. The experiment included 
but one period of 12 minutes, beginning at 9** 55" a. m. and ending at lO'' 07** 
a. m. The pulse-rate ranged from 95 to 100, and the respiration-rate from 
15 to 17. The results of the experiment are given in table 66. 
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Respiration Experiment No. R2. 

Date, August 15, 1910. Body-weight without clothing, 58.2 kilos. 

This experiment was preceded by the ingestion of food, and consisted of 
but one 14-ininute period, beginning at 10^ 15"^ a. m. The results of the experi- 
ment are given in table 66. 

Table 66. — Results of respiration experiments Nos, Rl to RS.^ 



Experi- 
ment 
No. 

Rl 
R2 
R3 


Date and time. 

1910. 
Au«. 1. 9*»M«».m 

Au«. 15. 10*»15»a.m 

Sept. 15. l*»07"p.m 

1 26 p.m 

Averacp 


Duratioo. 


GarboD 

dioxide 

eliminated 

per minute. 


abeorbed 
perminnte. 


Respiratory 
quotient. 


Ayerace 
polae-rate. 


Avenfe 

reepiration 

rate. 


mim. »ee. 
12 6 


c.e. 
«227 


ex. 
>810 


0.78 
0.67 


08 


18 


14 24 


>224 


>S84 


81 


15 


11 52 
11 68 


207 
208 


810 
810 


.67 
.07 


82 
88 


18 
18 




«208 


«310 


.87 


88 


17 







> Food was taken by the eubjeet before each of theee experiments. 

'Carbon dioxide eliminated per kilogram per minute, 4.02 o.o.; oxvfeo absorbed per kilogram per minute, 6M c.c. 

Tho urine collected between 7*^ 65°* and lO" 25°* a.m. amounted to 340 c.c. and oootained 2.4/ gms. nitrogen and 

16.5 gms. sugar. 

* Carbon dioxide eliminated pw kikigram per minute, 8.85 c.c. ; oxygen absorbed per kilogram per minute, 5.74 c.e. 

* Carbon dioxide eliminated per Idkigram per minute, 3.64 o.o.; oxygen absorbed per Idkigram per minute, 5.42 o.e. 

Respiration Experdcbnt No. R3. 

Date, September 15, 1910. Body-weight without clothing, 57.2 kilos. 

This experiment was also made after the ingestion of f o^ and included 
two periods, each of 12 minutes. The subject arrived at the laboratory at 
12** 45°* p. m., and lay on the couch for about 10 minutes before the experiment 
began at 1^ 07"* p. m. The stethoscope was not used, the pulse-rate being 
counted at the wrist. The subject lay perfectly quiet throughout the whole 
experiment. The results are given in tables 66 and 67. 

Table 67. — Statistics of urine — Respiration experiment No. RS. 



Date and period. 



Sept. 15, 1»10:« 

7»» 8(F» a.m. to 10*" 0(P a.m. 

10 00 a.m. 1 00 p.m. 

1 00 p.m. 1 55 p.m. 

1 55 p.m. 9 30 p.m. 
Sept. 15-16, 1910: 

IP 30" p.m. to 7'* 30™ a.m. 



Volime. : „jT^, Sugar. 



c.c. 

250 

433 

145 

1115 

1310 



gma. 
1.65 
1.99 
.65 
4.01 

4.68 



gma. 

9.9 
19.2 

6.6 
43.6 

44.4 



I Subject probably ate food as usual. 

Calorimeter Experiment No. R4. 

Date, May 12, 1911. Body-weight without clothing, 55.3 kilos. 

The subject fasted in this experiment, coming to the laboratory at 7** 20" 
a. m., without breakfast. This was the first time the bed calorimeter had been 
used with this subject and, after he entered the apparatus at 7** 51°* a. m., he 
seemed somewhat nervous and apprehensive, asked a great many questions, 
and moved around considerably. The experiment began at 8** 54"* a. m., and 
continued for two periods, one of 45 minutes and the other of 47 minutes, end- 
ing at 10** 26°* a. m. Especially during the first period he was more active than 
the average sub j ect, telephoning, urinating, and drinking water. The pulse-rate 
was obtained as usual with the stethoscope, and the two pneumographs were 
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used to obtain records of the respiration rate and the major movements. At 
Qh 20°* a. m. the subject drank 60 c.c. of water. After coming to the laboratory 
in the morning he urinated at 7^ 28°^ a. m., also during the experiment, at 
9*» 15"* a. m., and after the experiment was over, at 10** 40" a. m. The records 
are given in tables 68 and 69. 

Table 68. — MecaurementB of metabolism — Calorimeter experimerU No, R4» 



^IIS^S"' 0^.».b«»W. 


Respi- 

ratwy 

quotient. 


Ayerace 
pulee- 
rate. 


Averacv 

reipira- 

tioarate. 

17 
16 


i^ftCfe ana pwioa. 

Total. 

1 


mESTf. Totol. 


Per 

minute. 


Mav 12. 1911: ^ gnu. 

8^54°»a.m.to 9*»39°>a.m 17.1 

9 39 a.m. 10 26 a.m 17.9 


c.e. 
193 
194 


i 
gnu. ex. 
18.2 283 
17.4 , 260 


0.68 
.75 


70 
70 


Total 1 hr. 82 iniii.> 36.0 


194 


85.6 


271 i .72 


70 


17 


1 







' Carbon dioxide etiminated per kilogram pa* minnte, 3.510.0.; oxygen absorbed per kilo(ram per minute, 4.90 c.o. 

Table 69. — Statistice of urine— Calorimeter experimerU No. R4' 



Date and period. 


Volume. 


Specific 
gravity. 


Total 
nitrogen. 


Sugar. 


May 12. 1911: 

7° MP* a.m 


C.C. 

115 
261 
182 


gtM. 
1.026 O.&S 


fIfM. 

2.8 
5.9 
3.9 


7 28 a.m. to 9»15"a.m 

9 15 a.m. 10 40 a.m 


1.025 
1.024 


l.W 

.87 



CASE S. 
DESCRIPTION OP THE CASE. 

Male; bom 1853; married; merchant; onset of diabetes in 1899; came 
under our observation May 12, 1910; died in coma October 19, 1910. 

Family history. — ^No history of diabetes mellitus. Father died at 87; 
mother of cancer; one brother of liver trouble; one brother and one sister in 
infancy; one son 33 years old, well. 

Past history. — Health neither very poor nor very good. Measles, mumps, 
herpes, hemorrhoids. 

General history of case. — ^The diabetes was first apparent in 1899 with 
malaise. The great^ quantity of sugar noted was 3.5 per cent, while the 
greatest volume of urine was 2400 c.c. The general condition of the patient 
was excellent. The patient was under observation for only a short period of 
time. Death occurred some 5 months afterwards while the patient was travel- 
ing, and was considered due to coma. 

Physical examination. — Greatest weight, April 1901, was 71.1 kilos, with- 
out clothes; May 13, 1910, 57.6 kilos, undressed. Height, 177 cm.; tour de 
taille 76 cm.; pupils equal, reacted; knee-jerk normal; blood-pressure 120; 
pulse 72. Nothing abnormal noted about the heart and lungs. Liver extended 
2 fingers' breadth below costal margin. Spleen extended to the costal margin 
and was hard. 

Urine data. — ^The urinary records of the case are given in table 70. 
Throughout the observation of the urine the reaction in all cases was acid, and 
the slightest possible trace of albumen was present on every day except May 
16-17. On all days of the observation, 8 grams of sodium bicarbonate were 
given. 
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EXPERIMENTS WITH CASE S. 

Two experiments were made with this subject, in both of which the respi- 
ration apparatus was used. One was a fasting experiment and the other 
followed the ingestion of oatmeal. The vital statistics were as follows: 

Date of birth, , 1853; height, 177 cm. ; body-weight without clothing 

during experiments, 58 kilos. 

Table 70. — Clinical chart — Case S. 



Date. 



1910. 
May 12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
20-21 
21-22 
22-23 



o 
4 



;2 



5 

o 

I 



C.C. 

• • • • 

1920 
2520 
2400 
1830 
1920 
1860 
1800 
2220 
1800 
1740 



1023 
1019 
1020 
1020 
1022 
1022 
1019 
1021 
1024 
1021 
1023 








S1.+ 

++ 

+ 
S1.+ 

+ 

++ 

+ 



++ 



gmt. 

• • • • 

13.1 
18.8 
11.7 
10.6 
10.4 
7.8 

• • • ■ 

11.5 
8.6 
9.5 



AmnuMiia. 



s 

o 
H 



gms. 
i!6 



1.6 
1.2 



I 

*« 

u 



s 

o 
H 



p. ct, 

a ■ • • 

0.4 



12.7 
13.5 



Sugar. 



gm9. 

• • 

16 
34 
39 
38 
34 
28 

58 
31 
36 



S 

8 
>» 





gmt. 

M.4 
8 
10 
19 
22 
19 
16 
29 
44 
18 
24 



.S 






gmt. 

>a6 

20 
15 
20 
20 
48 
45 
45 
45 
45 



I- 

I 



gmtt 

+ 5 
-15 
-25 
-20 
-15 
+20 

-is 

+15 

+10 



•g o 



kilot. 
57.6 
57.8 
57 7 
57.6 



57. 
58 
57 
58. 
58. 
67 



57.5 



18 fm0. sodium bicarbonate given each day. Beginning May 13 the diet oontuned 200+ gma. fat and 12 gms. 
alcohol. ^Percent. '12°*' gms. nitrogen. 

Respiration Experiment No. SI. 

Date, May 18, 1910. Body-weight without clothing, 58 kilos. 

As this subject had not previously been experimented upon and was 
somewhat elderiy, only three periods of 10 to 11 minutes were run, so as not to 
overtire him. The subject came from the hospital at 8*" 15°* a. m., without 
breakfast, and lay down upon the couch for some 10 minutes before the experi- 
ment began at 8** 40°* a. m. Surgeon's plaster could not be used on account of 
his moustache and beard. The stethoscope, also the pneumographs about the 
chest and thighs, were used. The experiment was without incident, the sub- 
ject l3ring quietly throughout. After the experiment was over the subject 
urinated at 9** 45"* a. m. The results are given in table 71. 

Table 71. — ResuUa of respiration experiment No, SI, 



Date and time. 


Duration. 


Carbon 

dioxide 

eliminated 

per minute. 


Oxygen 

absorbed 

per minute. 


Respiratory 
quotient. 


Average 
pulse-rate. 


Avera^ 

respiratioo 

rate. 


May 18. 1910: 

8^40P»a.m 

9 03 a.m 

9 25 a.m 

Average 


mtfi. tee. 
11 21 
10 20 
10 


c.e, 
148 
154 
156 


e.e. 

• • • 

218 
208 


■ • • • 

0.71 
75 


59 
58 
57 


8 

9 




1153 


>213 


.73 


58 


9 







>Carbon dioxide eliminated per kilogram per minute, 2.64 c.c.; oxygen absorbed per kilogram per 
minute, 3.67 c.o. The urine oolleetea between 8 and 9*^ 4QP a.m. 



contained 0.53 gm. nitrogen uid 1.9 gms. sugar. 



amount^ to 92 o.c. and 
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Respiration Experiment No. S2. 

Date, May 21, 1910. Body-weight without clothing, 58 kilos. 

The subject came to the laboratory after eating at the hospital a break- 
fast of approximately 260 gms. of cooked oatmeal between 7** 30™ a. m. and 
^h 45m a m. He lay down upon the couch at 8** 10" a. m., and the experunent 
began at 8** 16°* a. m., continuing for four periods, 11 to 12 minutes long, with 
intermissions of 12 to 15 minutes. Both pneumographs were used. The 
subject urinated at 7"* 45™ a. m., before the experiment, and again after the 
experiment, at 10 a. m. The data are given in table 72. 

Table 72. — Results of respiration experiment No. S2. 



Date and time. 


DurataoD. 


Carb<Hi 

dioxide 

eliminated 

per minute. 


Oxygen 

absorbed 

ptf minute. 

e.e. 
208 
223 
212 
213 


Req)ir8tory 
quotient. 


1 
Average Averwe 


May 21. 1910: 

»8*»16™a.in 

8 43 a.m .... 

9 10 a.m 

9 34 a.m 

Average 


mill. »ec. 

11 14 

12 5 

11 41 

12 21 


e.e. 
162 
162 
156 
162 


0.78 
.72 
.73 
.76 


62 
58 
68 
67 


8 
9 

.? 




X161 '214 


.75 59 9 1 


1 










1 



> Subject ate oatmeal for breakfast between 7^* 30°* and 7>> 45*" a.m. 

* Carbon dioxide eliminated per kilogram per minute, 2.78 o.o. ; oxygen absorbed p^ kilogram per minute, 3.69 o.o. 

The urine collected between 7** 45™ and 10 a.m. amounted to 245 c.o. and contained 1.04 gms. nitrogen and 

10.2 gms. sugar. 

In order to compare his metabolism with that of a normal subject after 
eating oatmeal, an experiment was made with another subject who had eaten 
434 gms. of cooked oatmeal. The time intervening between the ingestion of 
the oatmeal and the beginning of the experiment was the same as in the experi- 
ment with the diabetic. The respiratory quotients obtained with the normal 
subject were 0.806, 0.807, 0.854, and 0.780, respectively. 

CASE T. 

DESCRIPTION OP THE CASE. 

Male; bom 1867; married; farmer; onset of diabetes in September 1908; 
diagnosed November 1908; came under our observation December 5, 1910; 
died in coma March 5, 1911. 

Family history, — No history of diabetes mellitus. Father died at 77 
years of heart disease; mother at 63 years of cancer; wife and six children well; 
one child died of heart disease. 

Past history, — ^Measles, mumps, whooping-cough, scarlet fever. 

General history of case, — September 1908, there were polydipsia and poly- 
uria, with loss of weight for a month previous to the diagnosis in November 
1908. The chief sjrmptom was weakness. Carbimcles and boils developed 
in October 1910, and the patient also suffered from constipation. The diet 
was at no time strict, as the feebleness of the patient, his inability to bear 
sodium bicarbonate well, and the severity of the acidosis made restrictions of 
diet appear impracticable. The patient failed to respond to diet, and died in 
coma March 5, 1911, shortly after returning home. 

Physical examination,— GreduX/e^t weight without clothing, 71.2 kilos.; 
normal weight without clothing, 67.6 kilos.; weight December 5, 1910, 52.7 
kilos, without clothing. Height, 180 cm. Pupils equal and reacted. Knee- 
jerk normal. No edema. Lungs and heart normal. Pulse-rate, 72. There 
were numerous boils and ulcers, some of which were partially healed, over the 
clavicle, neck, arms, and back — a truly pitiable sight. The breath had an 
acetone odor. 
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Urine data, — The greatest quantity of urine was 10,000 c.c. at about the 
time of onset. When the patient came under observation the acidosis was 
extreme; this is indicated by the 6 grams of anmionia shown in table 73, which 
gives the urinary record during observation. The reaction of the urine during 
this period was acid throughout, with a slight trace of albumen. The carbo- 
hydrate balance was for the most part minus throughout. Beginning January 
31, 1911, 22 grams of alcohol were given daily. 

Table 73. — Clinical chart — Case T, 



Date. 



o 
• 



o 

> 



t 



5000 
6000 



1010. 
Deo. 4- 6 
Dec.2S-20 

1011. 

Jan. 27-28 ' 6000 

Jan. 28-20 i«3200 

Jan. 20-30 |4800* 

Jan. 30-81.... 
Jan. 31-Feb. 1 
Feb. 1-2 
Feb. 2-3 
Feb. 3-4 






s 

'u 
>» 

■*» 

9 
Xi 



Feb. 4-5.. 
Feb. 5-8.. 
Feb. 8-7.. 
Feb. 7-8.. 
Feb. 8-0.. 
Feb. 0-10.. 
Feb. 10-11.. 
Feb. 11-12.. 
Feb. 12-13.. 
Feb. 13-14.. 
Fek. 14-15.. 
Feb. 15-18 ». 
Feb. 18-17*. 
Feb. 17-18.. 



3400 
4700 
4480 
5100 
I 5740 
5700 
2080 
2080 
I 4000 
; 3420 
5000 
4000 
4380 
4580 
4180 



3335 
8100 
3120 



1037 
1033 

1037 
1035 
1037 
1038 
1031 
1020 
1030 

i627 

I 1032 

1037 

, 1033 

I 1032 

1030 

1033 

1033 

1032 

1031 

10S2 

1027 

1028 

1028 




Sl.-h 

8I.+ 

• •••■• 

++ 

+++ 

+++ 

+++ 

+++ 

++ 

++ 

++ 

++ 

+ 

+ 

++ 

++ 

+++ 

+ 

++ 

++ 

+ 

+++ 



gms. 



• • • • 



• • • • 



43.3 
40.6 
50.1 
38.7 
30.2 



gtiu. 



16 
18 
17 
13 
11 
11 
9 
11 



Ammonia. 



Suptf. 



I 



gnu. 



I 



I 



I 






p. d. gnu. 

+ 
+ 

+ 



6.0 



5.5 
8.2 
5.5 
4.8 



83 
88 
38 
40 



146 



230 
184 
210 
108 
170 
138 
73 
68 
128 



^1 



3 I J 



fa 

I 

(3 



gtns. 

«7.2 

240 

408 
211 
270 
204 
107 
170 
204 
184 
171 
131 
178 
176 
150 
200 
168 
210 
174 
167 
119 
53 
S7 
125 



gma. 



105 
200 
200 
200 
185 
165 
155 
140 
185 
150 
140 
140 
140 
140 
140 
140 
180 
15 
188 
115 



r 



8 

S5 






1-^ 

•f.2 



— t , 



gmt. gm». kilot 



- 85 

- 5 
+ 5 
+ 20 

- 20 

- 20 

- 15 

- 5 
+ 5 

- 85 

- 10 

- 00 

- 45 

- 80 

- 60 

- 40 

- 10 

- 60 
+110 

- 15 



24 
80 
80 
80 
80 
20 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 



53.0 
52.7 
52.4 
50.0 
50.6 
51.7 
53.2 
53.1 
51.8 
50.6 
52.3 
52.7 
52.8 
52.8 
52.4 
53.2 
53.2 
52.6 
61.8 
51.5 
60.9 
52.2 



1 Whisky, 45 pms. daily througboat stay in hoeiMtal. *Per cent. 

' Urinary eediment contained many fine and coarse ^panular casts. 

* 18 hoars. Urinary sediment c(nitained many hyahne. fine, and coarse granular casts. 

* Vegetable day 240 o.o. cream, 4 eggs. • Oatmeal day, 240 gms. oatmeal, 240 gms. bnttar, 240 o.e. cream. 

EXPERIMENTS WITH CASE T. 

Two fasting experiments were made with this subject, in both of which the 
bed calorimeter was used. A comparison of the data obtained is made in table 
76. The vital statistics were as follows : 

Date of birth, 1867; height, 180 cm.; range in body-weight without cloth- 
ing during exp)eriments, 51.3 to 51.5 kilos. 

Calorimeter Experiment No. T1. 

Date, February 14, 1911. Body-weight without clothing, 51.5 kilos. 

Previous to this experiment no food had been taken by the subject since 
the evening meal of the day before, with the exception of a cupful of coffee at 
6** 30™ a. m. When the subject arrived at the laboratory at 8 a. m. he appeared 
to be a very weak, sick man, and somewhat apprehensive in regard to the 
experiment. He was dressed in unusually warm, heavy clothing, and on enter- 
ing the bed calorimeter, at 8** 26"* a.m., was also covered with a blanket. The 
experiment began at 9** 18™ a. m. and continued for two 45-ininute periods, 
ending at 10** 48" a. m. During the whole experiment the subject lay very 
quietly on his back, without reading, save near the close of the first period. 
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when he moved considerably. After the experiment was over he seemed to be 
very tired and glad that it was over. Before coming to the laboratory the sub- 
ject urinated at 7** 30" a. m., and again, after the experiment, at 11** 03°* a. m. 
The records of the experiment are given in table 74. 

Table 74. — MeasuremerUa of metabolism — Calorimeler experiment No, Tl, 



Date and period. 


Carbon dioxide 
eliminated. 


Oxjrgen absorbed. 


Respi- 
ratory 
quotient. 


Average 

pulae- 

rate. 


Average 

reepira- 

ticmrate. 


Total. 


Per 
minute. 


Total. 


Per 

minute. 


Feb. 14, 1911: 

»9>» lff» a.m. to 10*» 03" a.m 

10 03 a.m. 10 48 a.m 


gms. 
15.0 
15.2 


e.e. 
170 
172 


gms. 
15.0 
15.8 


e.e. 
233 
246 


0.73 
.70 


66 
66 


15 
16 


Total 1 hr. 30 min.* 


80.2 


171 


30.8 


240 


• • • • 


• • 


• ■ 





1 Subject drank a cup of coffee at 6^ 80"^ a.m. 

* Carbon dioxide eliminated per kibnam per minute, 3.82 c.c; oxygen absorbed per kilogram pv minute, 4.66 o.o. 

The urine collected between 7*^ 30^ a.m. and 11** 03™ a.m. amounted to 845 c.c, specific gravity 1.030. and 

contained 1.52 gms. nitrogen and 12.4 gms. sugar. 

Calorimetsr Experiment No. T2. 

Date, February 16, 1911. Body-weight without clothing, 51.3 kilos. 

This was also a fasting experiment, neither food nor coffee being taken 
after the evening meal of the day before. The subject came to the laboratory 
at 7** 30" a. m., and the experiment began at 8** 47° a. m. After two 45- 
minute periods the experiment ended at 10** 17"* a. m. Throughout the whole 
experiment the subject lay quietly on his back. He appeared to be somewhat 
tired at the end of the experimental period, but had evidently become more 

Table 75. — Meaeurements of melaboliem — Calorimeter experiment No. T2. 



Date and period. 


Carbon dioxide 
eliminated. 


Oxygen absorbed. 


Respi- 
ratory 
quotient. 


Average 
pulse- 
rate. 


Average 

resinra- 

tionrate. 


Total. 


Per 

minute. 


Total. 


Per 

minute. 


Feb. W. mi: 

8'*47"a.m. to 9*32™ a.m 

9 32 a.m. 10 17 a.m 

Total 1 hr. 30 min.» 


gms. 
14.8 
14.7 


c.e, 
168 
167 


gms. 
14.0 
14.7 


e.e. 
217 
229 


0.77 
.73 


67 
69 


15 
15 


29.5 


167 


28.7 


223 


.... 


• • 


• t 





'Oarbon dioxide eliminated per kiloicram per minute, 3.26 c.c; oxygen absorbed per kilogram per minute. 4.35 c.c. 
The urine collected between 7 and 7^* 42°*a.m. amounted to 80 c.c. specific gravity. 1.030. and contained 0.34 
gms. nitrogm and 2.4 gms. sugar. 

accustomed to the apparatus and the routine. The pulse and respiration 
rates were obtained in the usual way with the stethoscope and pneumograph, a 
second pneumograph being used about the thighs to give a record of any major 
movements. The subject urinated at 7** 42" a. m., but was unable to urinate 
again after the experiment was over. The records of the experiment are given 
in table 75. 

Table 76. — Comparison of metabolism experiments in the bed calorimeter with Case T 

in experiments without food. 



Experi- 
ment 
No. 




Weight 
subject. 


Length 
of ex- 
periment. 


Per minute. 


Respi- 
ratory 
quotient. 


Average 
pulse 

nunute. 


Average 
respira- 
tion per 
minute. 


Date. 


Carbon 

dioxide 

eliminated. 


Oxygen 
absorbed. 


Tl 
T2 


1911. Ulos. krs. min. 
Feb. 14»..' 51.5 1 30 
Feb. 16.... 51.3 1 30 

1 1 


e.e. 
171 
167 


e.e. 
240 
223 


0.71 
.75 


66 
68 


15.5 
15.0 



' 2 hours and 48 minutes before the experiment began the subject drank a cup of coffee. 
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CASE U. 
DESCRIPTION OF THE CASE. 

Female; born November 16, 1873; single; teacher; onset of diabetes, April 
1909; sugar fomid in the urine August 1, 1909; first came imder our observa- 
tion April 18, 1910; died in coma August 11, 1911. 

Family history, — ^No history of diabetes in family. Father, mother, and 
two brothers well; one brother has arthritis deformans. 

Past history. — Healthy; scarlet fever three times, measles, mumps, whoop- 
ing cough. Pneumonia at 14. Catamenia normal. Overwork and worry, 
especially because of the brother's illness. 

General history of case. — In April 1909 there were loss of weight and poly- 
dipsia. In May 1909, poljoiria, furuncles, and weariness appeared. Follow- 
ing the discovery of sugar in the urine, thirst and nervousness nearly disap- 
peared and the strength improved; nevertheless the patient had polyphagia. 
The course of the disease is shown in table 77. Notwithstanding the severity 
of the disease, the patient taught daily until May 1911. There was a gradual 
loss in strength, as well as in weight, and she died in coma August 11, 1911. 

Physical examination. — Greatest weight, summer of 1908, 53.1 kilos.; 
April 1909, 49.9 kilos. ; May 1909, 45.4 kilos. ; August 1909, 41.7 kilos. ; April 18, 
1910, 39.7 kilos. Height, 160 cm. Pupils equal and reacted to light. Knee- 
jerks normal. Bilateral submaxillary glands. Emaciated. Tongue and teeth 
normal. Heart just within mammillary line, systolic at the apex. Pulse- 
rate, 112. Blood-pressure, 100. Lungs normal. Abdomen, right movable 
kidney but otherwise normal. No edema of lower extremities. 

Urine data. — ^The quantity of urine August 1, 1909, was 5,750 c.c; spe- 
cific gravity 1 .040. The reaction of the urine was acid throughout the period of 
observation. The acidosis was marked from the very first, but decreased sub- 
sequently with the use of sodium bicarbonate. The greatest quantity of 
ammonia was 5.2 grams, April 22, 1911. On March 11, 1911, the urinary sedi- 
ment contained numerous fine and coarse granular casts. The quantity of 
sugar in the urine when the patient first came imder observation amounted to 
7.2 per cent in a single specimen, and to 6.2 per cent (132 grams) during the 24 
hours of April 19-20, 1911. This steadily decreased, but the patient never 
became sugar-free. Albumen never exceeded a slight trace. 

EXPERIMENTS WITH CASE U. 

With this subject three bed calorimeter experiments were made and nine 
respiration experiments. A number of these were made in series. Series I 
included a calorimeter experiment (U5) in which the subject fasted, and a 
respiration experiment (U6). In this latter experiment the subject fasted the 
first two periods, then took food. Series II, which included five experiments, 
began with a respiration experiment (U8), which was followed by an oatmeal 
breakfast; an experiment was then made with the bed calorimeter (U9), which 
was in turn succeeded by a second respiration experiment (UIO). The sub- 
ject spent the night in the bed calorimeter, metabolism measurements being 
made diuing the latter part of the night (U 11). In the morning of the next 
day, a third respiration experiment (U 12) was made after a beefsteak break- 
fast, completing the series. A comparison of the data obtained in the calo- 
rimeter experiments is given in table 92. The vital statistics for this subject 
are as follows: 
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Date of birth, November 16, 1873; height, 160 cm.; range of body-weight 
without clothing during experiments, 35.8 to 44.2 kilos. 

Table 77. — Clinical chart — Case U. 



Date. 



•8 

9 



o 
> 



1910. 
Apr. 17-18.. 
Apr. l^m.. 
Apr. 22-23.. 
Apr. 25-26.. 
Apr. 29-30.. 
May 1-2.. 
May 4- 5.. 
May 9-10.. 
May 13-U.. 
May 18-19*. 
May 1&-20.. 
May 23-24.. 
May 2^26.. 
May 26-27'. 
June 27-28.. 
July ^9.. 
July 14-16.. 
July 25-26.. 
Aug. 1-2.. 
Aug. 17-18.. 
Sept. 12-13.. 
Oct. 7- 8. 
Nov. 4-5.. 
Nov. 22-23. 
Dec. 16-17.. 

1911. 
Jan. 13-14.. 
Feb. 10-11. 
Mar. 10-11. 
Mar. 24-25. 
Mar. 311 
Apr. I/"" 
Apr. 1-2., 
Apr. 2-3. 
Apr. 21-22. 
May 19-20. 
May 31\ 
Juno if" 
June 1-2".. 
Juae 2-3 ».. 
July 6-7... 



1 

1 

00 



c.c. 

2i25 
2000 
1875 
2000 
2000 
2375 
2190 
2500 
2125 
«32S 
2250 
2000 
275 
2500 

2666 

2375 

2500 
2000 
2750 
2750 
2750 

2750 

3250 

•3000 

3250 

2420 

••2330 
3135 
3000 
3250 



1805 

3500 



1039 
1042 
1032 
1030 
1031 
1030 
1033 
1028 
1026 
1027 

i634 



1C35 
1035 
1034 
1032 
1026 
1030 
1029 
1030 
1028 
1033 
1031 

1031 
1025 
1024 
1030 



1029 
1029 

1032 



10Z1 

1027 



•5 




V.sl.-i- 

V.81.+ 



++ 

+ 
+ 
+ 
+ 
+ 

• ••■•• 

++ 



I • • • * 
> ■ • • • 

+++ 



+++ 
++++ 

+++ 

+++ 
+++ 



gms. 



19.7 



+++ 



++ 



Ammonia. 



S 



gmt. 



gnu. 






p.ct. 



11.5 
9.0 
1.2 

10.7 



30.0 

22.3 

27.3 
20.6 



25.5 
18.0 



9.8 

0.6 

25.5 



13.8 
10.0 



13.4 

i2!5 

9.5 

9.2 

8.8 

13.6 

■ ■ • • 

•0.42 
%.9 



4 4 

4.3 

i.b 



1.7 

• ■ • 

■ • • 

2'.8 

4!i 

4.0 
4.4 

4.7 
5.0 

3.6 

8.7 
4.0 
5.2 
4.7 



31.5 
39.3 

• • • • 

26.9 



Sugar. 



§8 

si 



gm». 

+ 
+ 



23.0 



27.0 

32^9 

31.2 

33.1 
33.2 
31.4 



74 
15 

104 

77 

3 

•135 



50 

98 
72 



117 

90 
156 

120 

75 
97 

105 
127 

>4.74 



38 
158 



g 
*3 






gmt. 

«7.2 
132 
68 
79 
60 
56 
67 
31 
60 
51 

86 



120 
64 
52 



Diet.» 



^ 



1^ 



90 
52 



gm». 



70 
80 
70 
80 
66 
75 
100 

■ • • 

70 
95 

'80 

• • • 

76 
■75 



75 
85 

77 80 
105 ' 76 

88 70* 



gm». 



12 



I 



gm» 



99 

91 

66 

137 



84 ; 

98 



126 



75 
75 
65 
75 



65 
55 



75 



15 

is 

i9 
12 
16 

ii* 

• • 

12^^ 

is* 



16 



18^ 



12 
15 
15 
15 
9 



12 
i2 
i2 

i2 

12 
12 
12 
12 

12 
12 
12 
12 



12 



I 



8 



^9 



I 



9 



gma. 



-10 
+20 
+15 
+15 
+35 
+15 
+25 

-35 
+20 

-56 

+i6 

+25 

-25 
+15 
+ 5 
-30 
-20 

-25 
-40 
-25 
-80 



-40 
-70 



-85 






gma, 






(0 
8 

• • 

16 

• • 

i6 
i6 
i6 
i2 

16 
16 
16 
12 

12 
12 
16 
12 



12 
12 



12 



kUoa. 



39.6 
40.2 
40.4 
39.5 
39.0 
38.3 
39.3 

• • • • 

40.6 



42.3 



43.3 

41.8 

43.6 

44 

43 

41 

41 

40 



40.4 
38.2 
37.2 
39.6 



37!7 
37.0 



36.1 



1 Fat in diet. May 9-10, 175 gma.; Dec. 16-17, 150* gma. 

* Approximate. 
•Percent. 

« 16 gme. NaHCOs given daily. May 14, 15, and 16. 

• 120 gma. oatmeal. 120 gms. batter, 240 c.c. cream, 

240 c.c. milk, 4 eggs. 
•From 8»> 30" to 11*» 50°' a.m.. May 19. 



» From 7 to 9*» 45™ a.m., May 26. 

•By fermentation. 

* Urinary sediment 0(»tained fine and coarse granular 

casts. 
^•23 hours 40 minatee. 
"12 hours. 
*^23 hours 25 minutes. 



Respiration Experiment No. Ul. 

Date, May 14, 1910. Body-weight without clothing, 39.0 kilos. 

This experiment was made simply to accustom the subject to the respira- 
tion apparatus, and consisted of but one lO-minute period, beginning at 9** 55"* 
a.m. The breakfast for that morning was an egg and an orange. The stetho- 
scope and pneumograph were not used, and no records of pulse and respiration 
were taken other than two records of the respiration from the tension equalizer, 
which gave an average of 20 respirations to the minute. The carbon dioxide 
eliminated per minute was 155 c.c, and per kilogram per minute 3.97 c.c. 
The oxygen absorbed per minute was 210 c.c, and per kilogram per minute 
6.38 c.c The respiratory quotient was 0.74. 
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Respiration Experiment No. U2. 

Date, May 19, 1910. Body-weight without clothing, 39.3 kilos. 

A breakfast consisting of a dish of oatmeal, an egg, a piece of bacon, and a 
cup of coffee was taken before the experhnent. The day preceding was an 
"oatmeal day,'* and as the subject usually felt considerably better on these 
days, it seemed desirable to determine the respiratory quotient under such 
circumstances. 

The subject arrived at the laboratory about 10** 15"* a.m., lay down on the 
couch at 10** 30"* a. m., and the experiment began at 10** 40** a. m., continu- 
ing for three periods of 10 to 11 minutes, with intermissions of 9 to 12 minutes. 
The subject urinated before the experiment at 8** 30" a. m., and afterwards at 
11 >» 50"* a. m. The records of the experiment may be found in table 78. 

Table 78. — ResuUa of respiration experiment No, US. 



Date aad time. 


Duration. 


Carbon 

dioxide 

eliminated 

per minute. 


Oxygen 

absorbed 

per minute. 


Respiratory 
quotient. 


Average 
pulae-rate. 


Avera^ 

respiration 

rate. 


May 10. 1910: 

10*»40P>a.m.»... 
11 01 a.m.... 
11 24 a.m — 

Average 


min. nee. 
10 81 
10 37 
10 05 


e.c, 
154 
157 
153 


e.c. 
222 
212 
217 


0.74 
.74 
.71 


90 
86 
87 


17 
17 
17 




S158 


«217 


.73 


88 


17 







^The subject had eaten breakfast as usual. 

'Garbon dioxide eliminated pa* kilcMgram per minutei 4.02 c.c.; onrgen absorbed per kilogram per 

minute. 5.52 c.c. The urine collected between 8" 30^ and 11^ 50^ a.m. amounted to 323 c.c. 

and contained 1.20 gms. nitrogen and 15 gms. sugar. 

Respiration Experiment No. U3. 

Date, May 26, 1910. Body-weight without clothing, 41.2 kilos. 

The subject came to the laboratory without breakfast about 8** 30™ a. m., 
and lay down upon the couch for 10 minutes before the experiment began at 
gh 44m ^^ m^ Three periods of about 10 minutes each were included in the 
experiment, with intermissions of 10 to 12 minutes. The subject minated at 
7 a. m. before coining to the laboratory, and again at 9** 45°» a. m. After the 
experiment was over she was given a breakfast consisting of oatmeal with 
cream, and boiled eggs. The records of the experiment are given in table 79. 

Table 79. — Results of respiration experiment No. US. 



Date and time. 


Duration. 


Carbon 

dioxide 

eliminated 

p^ minute. 


Oxygen 

absorbed 

p^ minute. 


Respiratory 
quotient. 


Average 
pulse-rate. 


Ayera^ 

respiration 

rate. 


Hay 26. 1910: 

8S44»a.m 

9 04 a.m 

9 26 a.m 

Ayerage 


10 03 
9 58 
9 52 


e.c. 
160 
152 
152 


c.c. 
215 

182 (?) 
214 


0.74 
.84(?) 
.71 


85 
89 
89 


17 
10 
16 




U55 


1204 


.76 


88 


16 







iCarbon dioxide eliminated per Idlofram per minute, 3.76 o.o.; oxygen absorbed per kilogram per 
minute, 4.95 e.c. The urine ooTlectea between 7 and 9*^ 45*" a. m. amounted to 274 c.c. and 
oootained 0.64 gm. nitrogen and 2.8 gms. sugar. 

Respiration Experiment No. U4. 

Date, September 13, 1910. Body-weight without clothing, 44.2 kilos. 

This experiment followed a breakfast taken at 6** 45"* a. m. consisting of 
oatmeal and cream, small amomits of melon and bacon, and an egg. She 
reached the laboratory at 10** 46"* a. m., and almost immediately lay down 
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upon the couch. The experunent began at 11 a. m., continued for three 
periods of 12 to 13 minutes each, with intermissions of 12 to 16 minutes. 
Throughout the whole experiment the subject was very calm and quiet. The 
results of the experiment are given in table 80. 

Tablb 80. — Results of respiraHon experiment No, IH, 



Date and time. 


DvratioD. 


Carbon 

dioxide 

eliminated 

perminate. 


Oxygen 

aboorbed 

perminate. 


Respiratory 
quotient. 

0.71 
.70 
.71 


Average 
polae-nte. 


Avera^ 

reqtirataon 

rate. 

18 
18 
17 


' Sept. 13. 1010: 

ll»»O0P»a.m.»... 
11 28 a.m.... 
11 68 a.m.... 

Average 


min, tee. 

12 14 

13 12 
12 11 


e.e. 
158 
154 
151 


ex. 
224 
221 
212 


90 
88 
90 




U54 


S210 


.71 


89 


18 







■ Subject ate breakfast at S*^ 45™ a.m. 

'Carbon dioxide eliminated per kilogram per minute, 3.48 c.e.; oxygen absorbed p^ kikigram per 
minute, 4.95 o.o. 

Calorimster Experhibnt No. U5. 

Date, March 31, 1911. Body-weight without clothing, 39.9 kilos. 

This was the initial experiment of Series I, and the first with this subject in 
the bed calorimeter. She arrived at the laboratory at 7** 40" a. m., without 
breakfast, and entered the apparatus at 7^ 55°" a. m. The experiment began 
at 8** 50"* a. m., continuing for two 45-ininute periods, ending at 10** 20°* a. m. 
The subject lay very quietly reading during all of the experiment, except near 
the end of the periods. Both pneumographs and the stethoscope were used to 
obtain the respiration-rate, the muscular activity, and the pulse-rate. The 
results of the experiment are given in tables 81 and 83. 

Table 81. — Measwemenis of metabolism — Calorimeter experiment No, US. 



Date and period. 


Carbon dioxide 
eliminated. 


Average 
pulae- 
rate. 

84 
84 


Average 

reepira- 

tionrate. 


Total. 


Per 

minute. 


Mar. 31, 1911: 

8>»50°»a.m.to 9>»35«a.m 

9 85 a.m. 10 20 a.m 

Total 1 hr. 30 min.» 


gnu. 
13.8 
18.8 


ex. 
154 
157 


18 
19 


27.4 


155 


• • 


• • 





> Carbon dioxide eliminated per kilogram per minute, 8.88 o.o. 

Respiration Experiment No. U6. 

Date, March 31, 1911. Body-weight without clothing, 39.9 kilos. 

This experiment, which was the second and last of Series I, was divided 
into two parts, the subject continuing to fast after leaving the bed calorimeter 
until after the first two periods had been concluded. She then took 100 grams 
levulose, 100 c.c. weak coffee, and 175 c.c. hot water. Six additional periods 
followed. 

The experiment began at 10** 50" a. m., the two fasting periods ending at 
llh 38m j^ uj The food was taken at 12 o'clock, and the following six periods 
began at 12** 16"* p. m., ending at 3** 08™ p. m. Each period was about 15 min- 
utes long, the intermissions ranging from 8 to 31 minutes. The subject was 
awake during the first period, and coughed once at 10^ 54°* a. m., also several 
times in the second period. There were slight movements reported in the fourth, 
seventh, and eighth periods. The subject urinated after the experiment at 
3h 15m p m. The results of the experiment may be found in tables 82 and 83. 



70 



METABOLISM IN SEVERE DIABETES. 



Table 82. — Results of respiration experiment No. U6, 



Date and time. 


1 Carbon 
per minute. 


abaorbed 
per minute. 


Respiratory 
quotient. 


pulae-rate. 


Average 

re^ratioo 

rate. 


Mar. 31. 1911: 

Without food— 
10h50™a.m.... 
11 23 a.m 


mill. sec. 1 ex. 

14 59 , 151 

15 1 145 


c.e. 

205 

211 


0.74 
.69 


86 

88 


18 
17 


Average 


>148 


>208 


.71 


87 


17 


With food— 

12>»16"p.m.«... 
12 44 p.m.... 

1 30 p.m 

2 05 p.m 

2 28 p.m.... 
2 53 p.m 


1 

15 10 1 172 
14 58 184 

14 47 180 

15 7 172 
14 27 171 
14 36 ' 166 


271 .63 
261 .70 
246 .73 
235 1 .73 
250 ! .68 
240 ' .69 


90 
90 

• • 

87 
89 
89 


19 
19 
19 
18 
20 
19 


Avwage 


! «174 

! 


>251 .69 

1 


89 19 



> Carbon dioxide eliminated per kilogram per minute, without food. 3.71 c.c; oiygen absorbed per kilo- 
gram per minute, without food. 5.21 c.c. 

* Subject took 100 gma. levulose in 200 c.c. of very weak coffee (hot) at 12 noon. 

*Carboo dioxide euminated per kilogram per mmute, with food, 4.36 c.c; ox; 
gram per minute, with food, 6.29 cc. 



oxygen absorbed per kilo- 



Table 83. — Statistics of urine — Calorimeter experiment No. U6 and 

respiration experiment No, U 6. 



Date and period. 


Volume. 


Specific 
gravity. 


Total 
nitrogen. 


Sugar. 


Mar. 31. 1911: 

7*' 00™ a.m. to 10*> 80« a.m 

10 30 a.m. 3 15 p.m.^.... 
Mar. 31-Apr. 1, 1911: ^ 

3*' 15" p.m. to 7^00" a.m 


cc. 
246 
555 

1620 


1.029 
1.030 


gmt. 
1.16 
1.50 

6.76 


ami. 

7.5 

24.5 

1 87.6 



1 Subject took 100 gms. levuk)ee in 200 c.c. vwy weak hot coffee at 12 no(ui. 



Respiration Experiment No. U7. 

Date, April 2, 1911. Body-weight without clothing, 39.8 kilos. 

This experiment was (like U6) divided into two parts, the first three 
periods being fasting periods, and the last six periods following the ingestion of 
518 grams of cooked oatmeal and 38 grams of butter. 

On coming to the laboratory, the subject lay down on the couch at 7** 47"* 
a. m., and the experiment began at 8*" 17"* a. m. In all of the three fasting 
periods, which were each 15 minutes in length with intermissions of 13 to 14 
minutes, the subject was reported as awake and very quiet. The oatmeal was 
taken between 9** 40™ and 9** 55" a. m., and the subject lay down on the couch 
again at 10 a. m. The six periods following the food began at 10** 13" a. m., 
with intermissions of the usual length, except between the last three periods, 
these being about an hour each. During the fourth, fifth, sixth, and seventh 
periods the subject was reported as restless, coughing and moving her hands 
and feet. Between the seventh and eighth periods the subject sat up in a 
chair and did not lie down on the couch again until about 15 minutes before the 
next period began. She was much quieter in the eighth period than previously, 
although she reached once for her handkerchief. She felt sleepy during this 
period, and took a 35-minute nap between the eighth and ninth periods. The 
results for this experiment are given in tables 84 and 85. 
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Respiration Experiment No. U8. 

Date, June 2, 1911. Body-weight without clothing, 37.1 kilos. 

Before this experiment, which was the first of Series II, the subject took 
^ grain strychnine. She arrived at the laboratory at 7** 25°* a. m., without 
breakfast, and lay down upon the couch at 7** 40™ a. m. The experiment 
began at 8** 10™ a. m., continuing for two periods of 15 minutes each, with an 
intermission of 1 2 minutes. The subj ect was quiet throughout the experiment, 
with the exception of a few movements of the hands during the second period. 
The results of the experiment may be found in tables 86 and 91. 

Table 84. — Results of respiration experiment No. U7. 



Date and time. 


Daratioe. 


CarboQ 

dioxide 

eliminated 

perminate. 


1 
per minute.. <l»ot>«»t. 


r 

Average 
pulae-rate. 


Avera^ 

reBpiratton 

rate. 


Apr. 2, 1911: 

Without food— 

8*' 17™ a.m.... 

8 45 a.m.... 

9 14 a.m 

Averace 


min. 9ee. 

14 58 

15 3 
14 47 


e.e. 
148 
151 
154 


e.e. 
199 
203 
213 


0.75 

•5! 

.72 


86 
90 
92 


18 
18 
18 


1 U5I 


^205 .74 89 


18 


With food— 

10»>13»a.m.«... 

10 39 a.m 

11 08 a.m 

12 12 p.m.... 

1 28 p.m.»... 

2 37 p.m 

Xvengfi 


15 3 

14 58 

15 4 

14 54 

15 6 
14 49 

4 


163 
167 
177 
170 
154 
163 


234 
228 
236 
230 
206 
209 


.70 1 100 
.73 99 
.75 99 
.74 86 
.75 1 88 
.78 92 


18 
19 
19 
19 
19 
18 




M66 


«224 74 


94 


19 











1 Carbon dioxide eliminated per kilogram per minate, without food, 3.79 o.e.; oxygen absorbed per kilo- 

ipram per minute, without food, 5.15 c.c. 
* Subject ate 518.4 gms. cooked oatmeal and 38 una. butter between 9° Aff^ and 9° 55™ a.m. 
'Subject slept about 35 minutes aftw this pMiod and was awakened at 2° 31™ p.m. 
< Carbon dioxide eliminated per kilogram per minute, with food, 4.17 c.c; oxygrai absorbed per kilo- 

gram per minute, with food, 5.63 c.c. 

Table 85. — Statistics of urine — Respiration experiments No. U7. 



1 

Date and period. 


Volume. 


' Totol 
nitrogen. 


Sugar. 


Apr. 2.1911: 

6»'40™a.m.to 7*»35™a.m 

7 35 a.m. 9 33 a.m 

9 33 a.m. 11 50 a.m.^ 

11 50 a.m. 2 58 p.m 

Apr. 2r3, 1911: 

2*»58™p.m.to 6>»30™a.m 


e.e. 
100 
216 
425 
475 

1920 


gm». 

0.42 
.71 
.88 

1.09 

6.73 


gma. 

2.2 

3.7 

10.2 

18.1 

62.8 



1 Subject ate 518.4 gms. of cooked oatmeal and 38 gms. of butter between 9^ 40™ and 9^ 55™ a.m. 

Table 86. — Results of respiration experiment No. U8, 



Date and time. 


Duration. 


Carboo 

dioxide 

eliminated 

per minute. 


Oxygen 

absorbed 

p^ minute. 


Respiratory 
quotient. 


Average 
poise-rate. 


Avera^ 

respiration 

rate. 


June 2. 1911: 

8'>10™a.m 

8 37 a.m 

Average 


min. sec. 
14 56 
14 47 


e.e. 
145 
142 


c.c. 
203 
202 


0.71 
.70 


75 
79 


18 
18 




1144 


1203 


.71 


77 


18 







iGarboo dioxide eliminated per kilogram per minute, 3.88 c.c.; oxygen absorbed per kilogram per minote «5.47«. 
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Calobimbter Experimsnt No. U9. 

Date, June 2, 191 1. Body-weight without clothing, 37.1 kilos. 

This experiment immediately followed respiration experiment No. U 7, and 
was preceded by a breakfast of 477 grams of oatmeal and 157 grams of heavy 
cream. She also drank 200 c.c. of water. Before entering the bed calorimeter 
the subject urinated at 9** 30™ a. m. The experiment began at 10** 46"* a. m. 
and continued for four 45-minute periods, ending at 1** 46"* p. m. The sub- 
ject was very quiet, except for several slight movements, reading until 12** 30" 
p. m., when she was reported asleep by the nurse in attendance. At 1^ 16~ 
p. m. it was noted that the subject was again reading. The stethoscope and 
pneumograph were used in this experiment, but, owing to a loose adjustment, 
the records of the respiration were unsatisfactory. The pulse records were 
also difficult to obtain. The measurements of the oxygen indicated a leak, but 
it was not located. The measurements of the metabolism and other records 
made during the experiment are given in tables 87 and 91. 

Table 87. — Mecaurements of metaboliim — Calorimeter experiment No, U9. 



Date and period. 

Jane 2. mi: 

lO** 40P> a.m. to 11*» 31™ a.m.» 

11 81 a.m. 12 16 p.m 

12 16 p.m. 1 01 p.m 

1 01 p.m. 1 46 p.m 

Total. 8 houn* 


CarboQ 
eKmii 

Total. 

gmi, 
14.6 
15.2 
14.0 
14.5 


dioxide 
lated. 

Per 
minute. 


Averace 
palae- 
rate. 

87 
87 
85 
89 


e.e. 
166 
171 
158 
164 


58.8 


165 











^ Sabject ate 477 gma. oooked oatmeal and 157 gms. cream between 0^ 06™ and 9^ 25™ a.m. 
* Carbon dioxide eliminated per kilofram per minate. 4.45 c.c. 

Respiration Experiment No. UIO. 

Date, June 2, 1911. Body-weight without clothing, 36.8 kilos. 

This respiration experiment followed immediately after the experiment 
with the bed calorimeter (U9) and included seven periods, each of which was 
approximately 15 minutes long. The intermissions ranged from 35 minutes to 

Table 88. — Results of respiration experiment No. UIO, 



Date and time 



Doration. 



Carbon 

dioxide 

eliminated 

per minute. 



June;, 1911: 

a* 17™ p.m.*. . . . 



8 
4 

5 
6 
8 
9 



20 
29 
47 
57 
22 
43 



p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 



Average. 



mtfi. 
14 
14 
15 
14 
14 
15 
15 



•ee. 

40 

42 

2 
81 
S5 

2 

2 



c.c. 
142 
147 
141 
143 
140 
133 
134 



Oxygen 

absorbed 

per minute. 



e.e, 
207 
204 
202 
202 
203 
200 
196 



Requratory 
quotient. 



0.69 
.72 
.70 
.71 
.69 
.67 
.68 



Average 
pube>rate. 



Ayera^ 

reqnratiOB 

rate. 



84 
86 
84 
82 
84 
82 
82 



19 
19 
20 
20 
21 
19 
20 



M40 



*202 I 



.69 



83 



20 



1 The subject had eaten oatmeal and cream between 9^ 06™ a.m. and 9^ 25™ a.m 
* Carbon dioxide eliminated per kilogram per minute, 3.80 c.c; oxygen absorbed pe 



absorbed per kilogram per minute* 5.49 e.e. 

1 hour and 10 minutes. The experiment began at 2** 17™ p. m. and ended at 
9** 58"* p. m. The subject was very quiet and awake throughout the experi- 
ment. A period was begun in the intermission between the first and second 
periods, but as the subject moved her head and there was the possibility of a 
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leak, the measurements were discontinued at the end of approximately 2 
minutes. Between the second and third, third and fourth, and the fifth and 
sixth periods she sat up in a chair, lying down on the couch again 13 to 20 
minutes before the beginning of the following period. The nurse gave her a 
massage in the intermission between the fourth and fifth periods. Previous to 
the experiment the subject drank 120 c.c. of water. She also urinated at 
1^ 50°* p. m., and again at 5** 10™ p. m., 6** 40™ p. m., and 10** 30™ p. m. The 
results of the experiment are given in tables 88 and 91. 

Calorimeter Experiment No. Ull. 

Date, June 2-3, 1911. Body-weight without clothing, 36.2 kilos. 

In this experiment (the fourth of Series II) the subject remained in the 
bed calorimeter all night, with one short intermission. At 10 p. m. the nurse in 
attendance gave her an alcohol rub-down in preparation for the experiment. 
The subject also drank a glass of water at 10** 50™ p. m., just before entering the 
apparatus, but took no food. The experiment was divided into two parts; the 
first part began at 11** 55™ p. m. and continued for one period of 1 hour and 32 
minutes, and a second of 1 hour and 47 minutes, ending at 2** 14™ a. m. The 
subject was then taken out of the calorimeter for a short time, but returned to 
the apparatus at 2** 40™ a. m., the second part of the experiment beginning at 
4** 01™ a. m. In this section of the experiment the measurements were also 

Table 89. — MeasuremenU of metabolism — Calorimeter experiment No. Ull, 



Date aod period. 



Carbon dioxide 
eliminated. 



Oxsrteo abanrbed. 



June 2-3. 1911: 

11*» M™ p.m. to l" 27"* a.m. . . , 
1 27 a.m. 2 14 a.m.... 
4 01 a.m. 6 05 a.m... 
6 05 a.m. ft 06 a.m... 

Total 4 hra. 23 min 



Total. 



gnu. 
24.4 
16.2 
18.8 
16.1 



Per 
minate. 



c.e. 
136 
163 
146 
128 



Total. 



Per 
minate. 



Respi- I Averafe 
ratoffy \ polae- 
qootient. | rate. 



gmt. 
23.3 



16.6 



73.0 



1141 



88.9 



C.C, 

177 



183 



0.76 



.70 



83 
80 
82 
88 



M79 



1 Oarboo dioxide elimiaated per kilocram per minute. 8.90 c.o. 
*Ozyteo absorbed per Idlocram per minate (2 hra. 82 min.), 4.94 



CO. 



made in two periods, the first 1 hour and 4 minutes and the second 1 hour in 
length. No records of the body-temperature were obtained, and the pneumo- 
graph was not used, but the pulse-rate was taken by means of the stethoscope. 
The subject slept throughout the first period, but waked at the end, and her 
slight movement at this time disturbed the measurement of the oxygen. At 
the beginning of the next period she fell asleep again, and slept imtil taken out 
of the calorimeter. After reentering the apparatus she slept the rest of the 
night and was very quiet. The experiment cUd not appear to disturb the sub- 
ject at all, for she was rested by her night's sleep and said that she had slept 
better than she did at home. No water was taken during the experiment. 
Urine was passed at 6^ 40™ and 10*» 30™ p. m. Jime 2, and at 2*^ 25™ and 6^ 25™ 
a. m. June 3. The records of the experiment are given in tables 89 and 91. 

Respiration Expebiment No. U12. 

Date, June 3, 1911. Body-weight without clothing, 35.8 kilos. 

The last experiment of Series II was preceded by a breakfast of 153 grams 
of beefsteak, taken at 7** 42™ a. m. With the steak, the subject drank 150 c.c. 
of water. She lay down upon the couch at 8** 15™ a. m., and the experiment 
began at 8** 41™ a. m., continuing for five periods 13 to 15 minutes in length, 
with intermissions ranging from 17 to 45 minutes. The subject complained 
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that the nosepieces hurt her a little in the first period. In the second she 
moved rather more than usual, but was quiet in the other periods. After the 
third period she sat up, lying down again 20 minutes before the fourth period 
began. The subject urinated at 10** 17 a. m. and 11** 45" a. m. The results of 
the experiment are given in tables 90 and 91. 

Table 90. — Results of respiration experiment No, U12. 



Date and time. 


Duration. 


Carbon 

dioxide 

eliminated 

per minute. 


Oxysen 

absorbed 

per minute. 


Respiratory 
quotient. 


Average 
pulae-rate. 


Avera^ 

respiration 

rate. 


Juno 3, 1911: 

8>»41'°a.m.«... 

9 20 a.m 

9 50 a.m 

10 48 a.m.... 

11 26 a.m 


min. »ee. 
14 42 
12 41 
12 54 
14 35 
14 20 


c.c. 
140 
165 
165 
156 
156 


e.c. 
219 
240 
236 

223 


0.64 
.68 
.70 

.70 


88 
90 
90 
90 
91 


21 
22 
23 
21 
21 


Average 


i M56 

1 


«230 


.68 


90 


22 



1 Subject ate 153 gms. of beefsteak between 7^ 30°* and 7^ 42" a.m. 
* CarixHi dioxide eliminated per kilc^ram per minute, 4.36 c.c. ; oxygc 



oxygen absorbed per kilogram per minute, 6.42 o.o. 



Table 91. — Statistics of urine — Calorimeter experiments Nos, U9to Ullj and 

respiration experiments Nos. U 8 to U 12. 



Date and period. 


Volume. 


Specific 
gravity. 


Total 
nitrogen. 


Sugar. 


June 1-2. 1911: . 


e.c. 




gmt. 


0m«. 


7*' 00™ p.m. to 7*»00"a.m 


1680 


1.027 


7.37 


46.5 


June 2. 1911: 










7»'00»a.m. to 9'»30«»a.m.>.. .. 


209 


1.024 


.94 


3.9 


9 30 a.m. 1 50 p.m 


782 


1.018 


1.88 


18.9 


1 50 p.m. 5 10 p.m 


295 


1.023 


.95 


6.4 


5 10 p.m. 6 40 p.m 


118 


1.023 


.49 


2.3 


6 40 p.m. 10 30 p.m 


146 




.93 


1.6 


June 2-3. 1911: 










10*» 30» p.m. to 2*'25"a.m 


146 


1.022 


.96 


1.2 


June 3. 1911: 










2»' 25° a.m. to 6*" 25™ a.m 


108 


1.023 


.68 


1 !•* 


6 25 a.m. 10 17 a.m.'.... 


305 


1.024 


1.99 


5.3 


10 17 a.m. 11 45 a.m 


81 


1.034 


.82 


i '' 



■ Subject ate 477 gms. of cooked oatmeal and 157 gms. of cream between 9^ 06 ™ and 9** 25™ a.m. 
< Subject ate 153 gms. beefsteak betwera 7^* 3(P and 7° 42™ a.m. and drank 150 c.c. of water. 



Table 92. — Comparison of metabolism experiments in the bed calorimeter with Case U, 

EXPERIMENTS WITHOUT FOOD. 



Experi- 




Weiffht 


Length 


ment 


Date. 


of ex- 


No. 




subject. 


periment. 



Per minute. 



Carbon 

dioxide 

eliminated. 



Oxygen 
absorbed. 



U 5 

Ull 


1911. 
Mar. 81 
June 2-3 


kih». 
39.9 
36.2 


hrs. min. 
1 30 
4 23 



c.e. 

155 

141 



c.c. 

• • • 

U79 



Respi- 
ratory 
quotient. 


Average 
pulse 

minute. 


• • • ■ 

»0.73 


84 
82 



Average 
respira- 
tion per 
minute. 



18.5 



EXPERIMENTS WITH FOOD. 



U9 



1911. 
June 2 « 



kilot. 
37 1 



kr». min. 
3 00 



c.e. 
165 



c.e. 



87 



> Oxygen absorbed and respiratory quotient for the time included in the periods 1 1** 55™ p.m. to l'* 27™ 

a. m and S** 05™ to 6" 05™ a.m. 
< About 1 hour 30 minutes before the experimrat began the subject ate 477 gms. of cooked oatmeal and 

157 gms. cream. 
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CASE V. 



DESCRIPTION OF THE CASE. 

Male; born January 19, 1874; married; proprietor of a grocery; onset of 
diabetes July 1909; sugar found in the urine October 1909; came imder our 
observation March 7, 1910; died February 6, 1911. 

Family history. — No history of diabetes in the family. Father and one 
child well. Wife has had two miscarriages. Mother ill, diagnosis unknown. 
A brother is not rugged, and one sister died of typhoid fever. 

Past history, — The patient advanced slowly at school because of "neu- 
ralgia" and headaches. Measles, mumps, two attacks of diphtheria. "Inflam- 
mation of the gall-duct,'' accompanied with severe pain but without jaundice, 
occurred three or four times at about 32 years of age. At one time consider- 
able alcoholic liquor was used. 

General history of the case. — In July 1909, polyuria and pol3rphagia were 
manifest, but polydipsia did not occur until October 1909, when sugar was 
found. The greatest quantity of urine reported was 4,000 c.c. in October 1909. 
Weakness, vertigo, palpitation, failing eyesight, insomnia, and indigestion were 
the chief symptoms. On March 8 to 9, 1910, the quantity of sugar amounted 
to 115 grams in 24 hours. With a fairly rigid diet the patient did not become 
sugar-free, and, indeed, bore the restriction of diet very poorly. Pneumonia is 
said to have developed upon February 3, 1911; the patient failed rapidly and 
death occurred February 6, 1911. 

Physical examination. — Greatest weight without clothing, 63.5 kilos. 
Weight without clothing March 7, 1910, 58.3 kilos. Height 173 cm. Tour de 
taille 72.5 cm. Pupils equal and reacted to light. Knee-jerks normal. No 
edema of the extremities. Tongue and teeth normal. No cervical, right axil- 
lary, or inguinal gland. A left axillary gland. Pulse-rate 76, regular. Blood- 
pressure 100. Heart and lungs not abnormal. Abdomen, nothing abnormal 
felt. 

Urine data. — ^The urinary record is given in table 93. Throughout the 
observations the urine was acid in reaction. No albumen was present, except 
on March 27 and 28, when there was a very slight trace. Diacetic acid was 
also absent, except on March 8-9, and a very slight trace on March 28. 

Table ^Z.--<:iinical chart— Case V. 



Date. 

1910. 

Mar. 8-9 

10-11 

13-14 

15-10 

18-19 

21-22 

22-28«.... 
25-20 

27».... 

28».... 

28».... 

29».... 

30«.... 

31».... 


Volume 
oCorine. 


Specific 
gravity. 


Nitroceo. 


Suptf. 


Carbo- 
hydrate 
in diet.! 


NaHCO. 


Body- 

weight 

without 

clothing. 


By cop- 
per re- 
aaction. 


By rota- 
tion. 


ex. 

2300 

2040 

1920 

2400 

1680 

1710 

888 
2400 

750 

720 
1800 
1350 
1920 

900 


1034 
1034 
1031 
1028 
1014 

• ■ • • 
« • • • 

1023 
1021 
1025 
1018 
1016 
1023 
1025 


gmt. 

• • • • 

• • • • 

U9.3 

«i4!5 
3.7 

• • • • 

• • • • 

• • • • 

• • a • 

• « • • 

• • • « 

• • • • 


gmM. 

+ 
+ 
+ 
+ 
41 
13 

■ ■ 

+ 
+ 

• • 

• ■ 

• • 

• • 


gmt. 

115 

82 

73 

72 

7 

• • • 

• • • 

43 
3 
3 

82 
8 

46 

16 


gma. 
115 

• > • 

115 
90 
50 

• a • 

'so 

• • • 

• • • 

• • • 

■ ■ • 

• • • 

■ • • 


gtM. 

5 
2 

• • 

3 

• ■ 

• • 

4 

■ • 

• ■ 

• • 

• • 


hUo9. 
58.8 
59.1 
58.5 

• • • « 

58.9 

• • ■ • 

58!9 

■ ■ • ■ 

• • » • 

■ • • • 

■ • • a 

• « t « 

• • • • 



'Amounts only a|^»rosmate. 'From 6 to ll'* 15°* a.m., Mar. 22. ' 12-hour record. 
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EXPEIIIMENTS WITH CASE V. 

Only one experiment was made with this subject, the respiration apparatus 
being used. The vital statistics were as follows: 

Date of birth, January 19, 1874; height, 173 cm.; body-weight, without 
clothing, during experiments, 60 kilos. 

Respiration Experiment No. VI. 

Date, March 22, 1910. Body-weight without clothing, 60 kilos. 

The subject had inadvertently eaten some breakfast at 6*" 45"* a. m. on the 
day of the experiment, consisting of a 2-egg omelet and a cupful of coffee. He 
arrived at the laboratory at 8** 40" a. m., lay down on the couch at 8** 45™ a. m., 
and the experiment began at 9** 22"* a. m., continuing for five periods, with the 
usual intermissions. Two pneumographs were used to obtain the respiration 
rate and the major muscular movements, and the stethoscope was employed 

Table 94. — ResvUs of respiration experiment No, VI, 



Date and time. 


Duratioii. 


Carboo 

dioxide 

eliminated 

per minute. 


Oxygen 

absorbed 

p^ minute. 


Respiratory 
quotient. 


Average 
pulse-rate. 


Avera^ 

respiration 

rate. 


Mar. 22. 1910: 

9"22™a.m.»... 

40 a.m 

10 02 a.m 

10 27 a.m 

10 66 a.m 

Oversee •••••• 


min. tee, 
10 07 
14 60 
14 80 
14 19 
14 24 


c.e. 

222 

204 

198 

204 

106 


e.c. 
285 
291 
283 
274 
280 


0.78 
.70 
.70 
.75 
.70 


09 
68 
66 
66 
66 


11 
12 
15 
18 
15 




>206 


>283 


.78 


67 


18 







^Sttbieot ate a light breakfost o(»sistinf of a 2-esc omelet and a oup of ooffee at 6^ 45™ a.m. 

* Carbon dioxide eliminated p^ kilogram per minute, 8.42 c.e. ; oxygen absorbed per kilogram per minute. 4.72 e.c. 

for securing the pulse-rate. The mouth was covered with surgeon's plaster in 
all the periods. Just before the close of the third period the subject almost 
went to sleep. After the experiment he said that he found it more difficult to 
breathe through the apparatus than into the open air. Before coming to the 
laboratory in the morning he minated at 6 a. m., after reaching the laboratory 
at 8** 45"* a. m., and again after the experiment at 11** 15"* a. m. The recorcb 
of the experiment may be found in tables 94 and 95. 

Table 95. — Statistics of urine — Respiration experiment No. VI, 



Date and period. 


Volume. 


Total 
nitrogen. 


Sugar. 


Mar. 22. 1910: 

»6»'00P»a.m.to 8^46™a.m 

8 45 a.m. 11 15 a.m 


c.e. 
151 
435 


gme. 
1 16 
2.57 


gme, 
48 
8.7 



* Subject ate a light breakfast onnsiHting of a 2-egg omelet and a cup of ooffee at 6^ 45°^ a.m. 

CASE W. 

DESCRIPTION OF THE CASE. 

Female; born June 1, 1892; single; onset of diabetes, November 1908; 
sugar found in the urine January 1909; came under our observation April 30, 
1910; condition November 11, 1912, comfortable. 



STATISTICS OP EXPERIMENTS. 
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Family history, — No history of diabetes in the family. Father had rheu- 
matism. Mother, three brothers, and five sisters are well. Two brothers 
died of cholera infantum; one sister of spinal meningitis. 

Past history, — Measles, mumps, chicken-pox. March 1907, operation for 
appendicitis, with good recovery. 

General history of the case. — In November 1908 the patient was markedly 
tired, and in January 1909 pi-uritus appeared and sugar was foimd in the urine. 
In February 1909 she suffered from periods of weakness, but was not uncon- 
scious. Micturition was painful. Polyuria and polydipsia were present, but 
not polyphagia. During the summer of 1909 she suffered pain in the left iliac 
fossa, which was constant in character and accompanied by abdominal tender- 
ness, but no fever. The pain was worse before catamenia, which was reported 
as normal in April 1910. Although suffering from indigestion, she vomited but 
once. She was nervous, and complained of dizziness, dyspnea, and palpitation. 
August 1909 an obstruction was found in the ureter by Dr. Chute. April 16, 
1912, the patient was in comfortable health. 

Table 96,— Clinical chart— Case W, 











Sugar. 








Date. 


Volume 
of urine. 


Spedfio 
cravity. 


Nitrocon. 






Carbo- 
bydrate 
in diet.i 


Carbo- 
hydrate 
balance. 


Body- 
weight 
without 
clothing. 


Byoop- 
per re- 
auction. 


By rota- 
tion. 


1910. 


c.e. 




gtns. 


gtns. 


gm». 


gm8. 


gmt. 


kUo9. 


Apr. 2^-30 

May JhlO 


2000 


1038 


« • ■ 


• • 


104 


• • • 


• • • 


• • • • 


• • ■ ■ 


1023 


• • « 


• • 


S0.6 


• • • 


• • • 


60.6 


May 10-11 


1170 


1026 


• • • 


.. 


26 


170 


+145 


60.7 


May 11-12 


1305 


1021 


• • • 


. 


23 


170 


+145 


59.7 


May 12-13 •.... 


1980 


1017 


8.4 


33 


28 


130 


+ 95 


60.1 


Mmt 13-14«.... 


1576 


• ■ • • 


• • • 


» • 


• • • 


180 


« • • 


601 


May 14-15*.... 


• • ' • 


■ • • • 


• • • 


• • 


• • « 


125 


• • • 


58.2 


May 15-16 «.... 


• • • • 


• • a • 


• • • 


• > 


• • « 


125 


a • • 


58.5 


Mayl©-17 


1440 


1017 


• ■ ■ 


• • 


14 


125 


+110 


58.5 


May 17-18 


1140 


1021 


8.8 


23 


16 


125 


+100 


58.6 


May 18-19 


1020+ 


1018 


■ • • 


• • 


«0.8 


00 


■ ■ • 


58.8 


May 19-20 


1140 


1015 


8.0 


7 


2 


60 


+ 55 


58.9 


May 20-21 


1230 


1015 


■ • • 


tr. 


1 


60 


+ 60 


590 


May 21-22 


1740 


1010 


8.1 


1 


■ • • 


60 


+ 60 


58.6 


May 22-23 


1440 


1014 


8.8 


1 


• • ■ 


60 


+ 60 


58.5 


May 23-24 


1350 


1014 


9.1 


2 


• ■ • 


65 


+ 65 


58.9 


Mmt 24-2S 


600+ 


1015 


• • • 





• • • 


• « • 


• • « 


58.7 


June 1-2 


2100 


1035 


k • • 


• m 


•2 


• • • 


• ■ • 


• • • • 


July 5-« 


• • • • 


1023 


■ • • 





• • • 


« ■ • 


• • ■ 


t • • • 


1911. 


















Aug. 9-10 


• • • • 


1039 


• ■ • 


+ 


>6.8 


■ • • 


• • « 


• • • • 



1 No sodium bicarlxuiate given ezo^t 8 gma. on May 23-24. 



'Per cent. 



NHi— N 
> Ammonia, 1 .2 gms. ; — . ^ « 1 1 .8 per cent. * Oatamenia. * Per cent by fermentation. 

Physical examination, — Greatest weight without clothing, 63.5 kilos.; 
August 1909, 51.7 kilos.; April 30, 1910, 61.1 kilos. Height, 161 cm. Red 
cheeks. Pupils equal and reacted to light. Knee-jerks normal. No cervical, 
axillary, or inguinal glands felt. Pulse-rate, 112 to 128. Blood-pressure, 130. 
Heart 13 cm. to the left of the median line. No murmurs. Limgs normal. 
Liver extended 2 fingers' breadth below the costal margin. Spleen and kidney 
not felt. No abdominal tenderness. Scar in appendix area. 

Urine data, — ^The greatest quantity of urine recorded was in July 1909 
t. 6., 4500 c.c. The urinary record during observation is given in table 96. 
Throughout this period the reaction was acid, with an occasional slight trace 
of albumen. Diacetic acid was not present. The sugar in the urine decreased 
rapidly with moderate restriction of the diet, and disappeared within three 
weeks. A subsequent report, however, showed a return of sugar a few months 
later. Sodium bicarbonate was given only once — 8 grams on May 23-24, 1910. 
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EXPERIMENTS WITH CASE W. 

Two respiration experiments were made with this subject, in both of 
which she fasted. The vital statistics were as follows: 

Date of birth, June 1, 1892; height, 161 cm.; range of body-weight 
without clothing during experiments, 58.9 to 60.1 kilos. 

Respiration Experiment No. Wl. 

Date, May 13, 1910. Body-weight without clothing, 60.1 kilos. 

The subject came to the laboratory fasting at 7** 45™ a. m., and lay down 
upon the couch at 7** 55™ a. m. The experiment began at 8** 07™ a. m., con- 
tinuing for four periods of 10 to 11 minutes each, with intermissions of 10 to 14 
minutes. The subject was nervous throughout the whole experiment, espe- 
cially in the last period; the respiration was consequently irregular. At the 
close of the second period she said that her nose felt as if it were bleeding. Just 
after the beginning of the third period she opened her mouth. After the experi- 
ment was over the subject felt a little faint. She seemed to breathe easily 
through the nose, and but for the nervousness was a very good subject. The 
records of the experiment are given in table 97. 

Table 97. — ResuUs of respiration experiment No, Wl. 



Date and time. 


Duration. 


Carbon 

dioxide 

eliminated 

per minute. 


Oxygen 

abaorbed 

per minute. 


Req>iratory 
quotient. 


Average 
pulse-rate. 


Average 

reepiratton 

rate. 


Mayl3. mO: 

8'»07™a.m 

8 28 a.m 

8 53 a.m 

9 13 a.m 

Average 


min. Bee. 
10 24 
10 39 
10 17 
10 27 


e.e. 
171 
170 
161 
165 


e.c. 
238 
228 

239 


0.72 
.76 

■ • 

.69 


110 
100 
106 
100 


18 
16 
16 
16 




U67 


1235 


.72 


104 


17 







1 Carbon dioxide eliminated per kilogram pa* minute, 2.78 c-c.; oxygen abaorbed p^ kilogram per 
minute, 3.91 e.c. The unne collected between 7 and 10^ 10^ a.m. amounted to 197 c.o. and 
0(nitainiMi 0.94 gm. nitrogen and 1.6 gms. sugar. 

Respdiation Experiment No. W2. 

Date, May 24, 1910. Body-weight without clothing, 58.9 kilos. 

This was also a fasting experiment, the subject having taken no food since 
the evening meal of the day before. She arrived at the laboratory at 8** 15" 
a. m., lay down on the couch at 8** 30™ a. m., and the experiment began at 
gh 43m j^ uj^ continuing for three 10-minute periods, with intermissions of 11 
to 14 minutes. She was not nearly so nervous as in the previous experiment, 
but as the periods continued became more restless, and at the close of the last 
period felt faint. The results of the experiment are given in table 98. 

Table 98. — ResuUs of respiration experiment No. W2. 



Date and time. 


Duration. 


Carbon 

dioxide 

eliminated 

per minute. 


Oxygen 

absorbed 

pa* minute. 


Respiratory 
quotient. 


Average 
pulse-rate. 


Avera^ 

req>iration 

rate. 


May 24. 1910: 

8"43"a.m 

9 07 a.m 

9 28 a.m 

Average 


min. «ee. 

10 

9 40 

9 53 


157 
160 
164 


e.c. 

207 

219 

• • • 


0.76 
.73 

• ■ 


91 
91 
99 


16 
16 
16 




U60 


1213 


.76 


94 


16 







> Oarbon dioxide eliminated per kilogram per minute. 2.72 c.o.; oxjrgen absorbed per kilogram per minute. 8.62 c.o. 
Tbe urine collected between 7 and 9^ 45^ a.m. amounted to 162 e.c. andoontained 0.57 gm. nitrogen and 0.1 gm. sugar. 
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DESCBIPnON OF THE CASE. 

Male; bom October 1875; married; clerk in grocery store; onset of dia- 
betes, July 1908; sugar found in urine September 1908; came under our obser- 
vation, February 28, 1910; condition. May 8, 1912, comfortable. 

Family history, — No history of diabetes in the family. Father, mother, 
three brothers, four sisters, and one child well. A brother and a sister died 
soon after birth. 

Past history. — Measles, mumps, whooping-cough, jaundice at 8 or 10 
years of age. Twelve years and three years previous to observation, there was 
a swelling in the right knee for periods of 6 weeks and 10 days, respectively. 

Table 99,— Clinical chart— Case X. 



Date. 



1910. 

Feb.27-28« 

Feb. 28-Mar. 1 *. 



Mar. 

Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Apr. 
Apr. 
Aor. 
May 
Oct. 
Dec. 



2. 
3. 
4. 

5. 
6. 

7. 



1- 

a- 

4- 

5- 

«- 

7-8. 

8-0. 

1^10. 
10-11. 
11-12. 
1^13. 
13-14. 
14-15. 
15-16. 
16-17. 
17-18. 

3-4. 
10-11. 
14-15. 

4-5. 
23-34. 

1-2. 



o 



^ 



1912. 
Apr. 26-27. 



c.c. 
2850 
2625 
1740 
2070 
2565 
1890 
2115 
1650 
1455 
1530 
2070 
1710 
1200 
1620 
1770 
2280 
2640 
2670 
1730 

• • • • 

1470 
2000 

1625 
720 
625 

1750 



1 

o 



OQ 



1039 

1041 

1042 

1040 

1038 

1033 

1029 

1030 

1031 

1027 

1023 

1023 

1026 

1021 

1017 

1020 

1025 

1010 

1017 

1020 

• • • • 

1023 
1028 
1028 
1028 

1028 















SI.+ 
SI.+ 


S1.+ 











• « • • ■ 

Si.+ 



gmt. 
25.0 
23.8 
20.7 
22.0 



11.0 
12.0 
11.3 
12.8 
120 
10.3 
13.0 



Sugar. 



Ii 



gma, 
200 
182 
108 
124 



■I 

I 



gnu. 

104 

179 

101 

116 

133 

40 

72 

36 

38 

28 

21 

17 



Diet.i 



II 



+ 

+ 







«0.8l 

• • • 

4 

(») 



80 



gm$. 



115 
115 
115 
15 
75 
50 
50 
85 
25 
20 
15 
15 
15 
15 
15 
15 
15 
15 

• • • 

15 



20 
25 



gmi. 



12 

5 

8 

8 

10 

12 

14 



i 



gns. 



18 
18 
18 
18 
18 
18 



i 

Ii 



gm9. 



+ 6 
-10 
-20 
-35 
+ 5 
+15 
+10 
+ 5 
+ 5 
+ 5 
+ 5 
+10 
+10 
+10 
+15 
+10 
+10 



+10 

• ■ • • 

• • • • 

+20 
-15 



kilot. 
62.3 
62.3 
62.7 
63.1 
62.3 
63.0 
62.8 
63.1 
63.2 
63.6 



63. 

63. 

63.6 

64.0 

63. 

64. 

64. 



.4 

1 



.4 
.4 

.7 



64.6 

• ■ • • 

64.6 
65.5 



70.0 
70.0 

70.5 



*■ No ■odium bicarbonate was given, except 15 gma. <» Mar. 14-15 and 15-16. 

'Ammonia, 1.0 gma. ; ^ ^aTN *^*^ ^^ ^^^' * P^<xl "^^^ ^1 ^* *'• *•* ^^ 1^ ^ 7 a.m. 
* Per cent. ^Leae than 0.1 per cent. 

The patient used considerable tobacco and ate excessively of candy and cookies, 
both in the grocery store and at home. Ten years previous to observation 
considerable alcoholic liquor was used. 

General history of the case. — ^While the onset of the diabetes was in July 
1908, the disease first attracted particular attention and was diagnosed in 
September 1908, because of polyuria at a horse-race. 5000 c.c. of urine were 
voided during the night at the onset. Other symptoms were polydipsia, poly- 
phagia, wealoiess, loss of weight, a parched tongue, pain in the back, extreme 
constipation, impotence, and failing eyesight. Under the advice of his physi- 
cian the patient ate no pork, fat, or vegetables, but drank skim milk! 

The unusually favorable coiu*se of the case, despite the unpromising con- 
dition of the patient when first seen, is probably due to the change in diet, as 
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prior to the time of observation his diet had been unfortunate. The case illus- 
trates the unreliability of prognosis without repeated observations upon the 
same patient. 

Physical examination. — Greatest weight without clothing, 90.7 kilos.; 
July 1908, 85.3 kilos.; February 23, 1910, 64.5 kilos. Height, 170 cm. Tour 
de taille, 76 cm. Pupils equal and reacted to light. Knee-jerks normal. No 
edema of extremities. A few small left axillary glands. No acetone odor to 
breath. One-third of the teeth missing. Lungs and heart normal. Pulse-rate, 
80. Blood-pressure, 90 (two estimations, Riva Rocci). Abdomen, nothing 
abnormal felt. 

Urine cUUa. — ^The urinary record for the period of observation is given in 
table 99. The reaction was acid throughout, except March 14-16, 1910, when 
it was alkaline. There were occasional slight traces of albumen. The quan- 
tity of sugar in the urine on February 27-28, 1910, amounted to 209 grams in 
24 hours, and the ammonia to 1.9 grams. Under strict dieting, sugar disap- 
peared from the urine after 12 days and the urine was sugar-free on December 
1, 1910, the weight having risen to 71 kilos. No sodium bicarbonate was 
given the patient, except 15 grams on both March 14 and March 15. On April 
26, 1912, the quantity of sugar reached 39 grams in 24 hours, and there was a 
trace of diacetic acid. The patient reported having successfully withstood an 
attack of pleurisy, and that the 6.8 kilos, of weight lost during that illness had 
been regained. 

EXPERIMENTS WITH CASE X. 

With this subject 3 calorimeter experiments were made, in all of which the 
chair calorimeter was used. The third experiment was preceded by a respira- 
tion experiment. No food was taken in any of the experiments, and a fast of at 
least 12 hours preceded them. A comparison of the results obtained in the 
calorimeter experiments is given in table 107. The vital statistics of the sub- 
ject were as follows: 

Date of birth, October 1875; height, 170 cm.; range in body-weight with- 
out clothing during the experiments, 62.3 to 64.6 kilos. 

Table 100. — Measurementa of metaboliam — Calorimeter experiment No, XL 



Date and period. 


Carbon dioxide 
eliminated. 


Ozyten absorbed. 


Reepi- 

ratoiy 

quotient. 

0.73 
.73 
.74 


Averace 
pulse- 
rate. 


Averace 
respira- 
tion rate. 


Total. 

gtM. 
27.6 
24.8 
25.4 


Per 

minute. 


Total. 

gma. 
27.4 
24.7 
24.9 


Per 
minute. 

e.c. 
320 
288 
290 


Fob. 28, 1910: 

10^1(Fa.m.toll*»l(Pa.m 

11 10 a.m. 12 10 p.m 

12 10 p.m. 1 10 p.m 


e.e. 
234 
211 
215 


70 
68 
66 


22 
22 
20 


TotalShra.i 


77.8 


220 


77.0 


299 


« • 


• • 


• • 





I Carbon dioxide eliminated per kilogram pw minute, 3.53 c.o. ; oxyssn abewbed per kilogram per minute, 4.80 c.c. 

Calorimeter Experiment No. XI. 

Date, February 28, 1910. Body-weight without clothing, 62.3 kilos. 

The subject came to the laboratory without breakfast at 8** 10*" a. m. 
and entered the chair calorimeter at 8** 41" a. m. The experiment began at 
10** 10™ a. m., and continued for three 1-hour periods, ending at 1** 10™ p. m. 
Records of the pulse and respiration rates were obtained by means of the steth- 
oscope and pneumograph, while body-temperature records were secured with 
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the rectal thermometer. The subject also used a clinical thermometer at 
11^ 10~ a. m., 12** 10™ p. m., and 1** 10"* p. m. In this and the succeeding 
experiments an attempt was made to obtain some record of the muscular 
activity of the subject by the use of a pneumatic cushion connected with a 
kymograph. Throughout the experiment there was but Uttle muscular move- 
ment aside from the activity incidental to telephoning several times during 

Table 101. — SUUisHca of urine-calorimeter experiment No, XL 



Date and period. 


Vohune. 


Total 
nitrogen. 


Sugar. 


Feb. 28. 1910: S^ 16" a.m^ to 1^ 2(P p.m 

Feb. 28 to Mar. 1. 1910: l^" 20» pan. to 7 a.m.. . 


ex. 

227 

2400 


ffm9. 
8.43 

• • • • 


gnu, 
8.9 
182.1 



each period, and drinking 64 c.c. of water at 10** 20" a. m. Previous to the 
experiment the subject urinated and defecated at 8** 15°* a. m., and urinated 
again at 1** 20"* p. m. after the experiment was over, but was unable to urinate 
during the experimental period. The records of the experiment are given in 
tables 100 and 101. 

Table 102. — MeaeuremenU of metaboliem— Calorimeter experiment No, X2, 



Date and period. 


Oarbon dioxide 
eliminated. 


Oxyceo abeori)ed. 


Reepi- 

raU»y 

quotiflot. 


Averaie 
pulse* 
rate. 


III 


Total. 


Per 
minute. 


Total. 


Per 
minute. 


Mar. 1 . 1910: 

» 9*» 18P» aan. to l6*» 18F" a.m 

10 18 a.m. 11 18 a.in 

11 18 a.m. 12 18 p.m 

Total8hn.> 


gmB, 
24.2 
24.5 
23.5 


ex, 
205 
208 
199 


gtn: 
20.3 
28.0 
22.5 


ex. 
286 
268 
262 


0.87 
.78 
.76 


67 
63 
59 


21 
20 
21 


72.2 


204 


65.8 


256 


• • • ■ 


• • 


• • 





> Subject drank a cup of oofifee about 2 houn before the experiment besan. 

* Carbon dioadde elimiairted per kilosram pw minute, 8.25 ox. ; oxygen abeorbed per kilogram per minute, 4.08 0.0. 

Calorimeter Experiment No. X2. 

Date, March 1, 1910. Body-weight without clothing, 62.7 kilos. 

With the exception of a cup of coflfee, no food was taken by the subject 
before he came to the laboratory at 7** 50™ a. m. At 8** 08" a. m., the subject 
entered the chair calorimeter; the experiment began at 9** 18™ a. m., continued 
for three 1-hour periods, and ended at 12** 18™ p. m. The records of the pulse 
and respiration rates were obtained as in the preceding experiment, but the 
rectal thermometer was not used, although records were taken by the subject 
with a cUnical thermometer at 9^ 28™ a. m., 10*» 32™ a. m., 11** 28™ a. m., and 

Table 103. — StatisOca of urine — Calorimeter experiment No. X2. 



Date and period. 


Volume. 


Total 
mtrogen. 


Sugar. 


Mar. 1. WIO: 

»7*»0(Pa.m. to lP28"a.m 

28 a.m. 10 82 am 

10 82 a.m. 11 85 a.m 

11 85 a.m. 12 25 p.m 

Mar. L-2, 1010: 

12»» 25" p.m. to 7'»00^a.m 


ex. 

143 

58 

48 

87 

1455 


gm», 
1.90 

.n 

.60 
.50 

10.78 


giM. 
08 
8.1 
2 1 
1.8 

02.9 



^Subjeet drank a oup of coffee at about 7^ 15™ (?) a.m. 
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12*» 18°* p. m. Near the end of the first period the subject was asleep, waking 
just after the beginning of the second period. He telephoned once in each 
period. The subject urinated before coming to the laboratory at 7 a. m., and 
three times during the experiment, i. e., at 9** 28" a. m., 10** 32" a. m., and 
IP 35" a. m., also at 12*» 25" p. m., after the experiment was over. He drank 
no water. The records of the experiment are given in tables 102 and 103. 

Respiration Experiment No. X3. 

Date, March 17, 1910. Body-weight without clothing, 64.6 kilos. 

On the experimental day the subject drank a cupful of coflfee before com- 
ing to the laboratory, but ate no breakfast. He reached the laboratory at 
7*" 40" a. m., lay down on the couch at 7** 45" a. m., and the experiment began 
at 8** 58" a. m. The three periods ranged from 12 to 15 minutes in length, with 
intermissions from 8 to 10 minutes, the last period ending at 9** 56" a. m. 
After the experiment began the subject breathed slower and possibly deeper 
than he had previously. In the second period he took several very deep 
breaths. In this period, also, there was a slight leak in the nosepiece, and a 
new nosepiece was accordingly used for the next period. Immediately after 
the experiment was over the subject urinated at 9** 56" a. m., the last period 
being shortened on account of the pressure of urine. The records of the experi- 
ment are given in tables 104 and 106. 

Table 104. — ReatdU of reapiroHon experiment No, XS, 



Date and time. 


Duration. 


OarboD 

dioxide 

eliminated 

per minute. 


abaoTMd 
PM* minute. 


Reipiratory 
quotient. 


Average 
pulae-mte. 


Average 

reepiratKW 

rate. 


Mar. 17, 1910: 

»8»»68P»a.m 

9 23 a.m 

44 a.m 

Average' 


mtn 9ee. 
14 64 
14 42 
12 23 


e.e. 
178 
179 
189 


e.e. 
247 
245 
243 


0.72 
.73 
.78 


72 
78 
72 


11 
16 
15 




182 


245 


0.74 


72 


14 







1 Subject drank a cup of coffee about If hourt before «meriment begaa. 

< Carbon dioxide eliminated per kilogram per minute, 2.82 cc; oxygen abaorbed per kikigram per minute, 8.79 c.c. 

CALORDiBTER EXPBBIMSNT No. X4. 

Date, March 17, 1910. Body-weight without clothing, 64.6 kilos. 

This experiment was preceded by a five-period respiration experiment 
(experiment No. X3). The subject (kank a cupful of coflfee on the morning 
of the experimental day, but aside from this took no food after the evening 
meal of the day before. He entered the chair calorimeter at 10** 08"* a. m. ; 
the experiment began at 10** 45"* a. m., continued for three 1-hour periods, 
and ended at 1** 45"* p. m. The rectal thermometer was not used, but the 

Table 105. — MecieuremenU of metabolism — Calorimeter experiment No, X4* 



Date and period. 


Carbon dioside 


Oxygeo abeorbed. 


Re^pi. 

ntoiy 

quotient. 


Average 
pulse- 
rate. 


Avence 
respira- 
tion rate. 


Total. 


Per 
minute. 


Total. 


Per 
minute. 


Mar. 17, 1910: 

10*" 45" a.m. to 11*» 45" a.m 

11 46 a.m. 12 46 p.m 

12 46 p.m. 1 46 p.m 

TotalShrs.! 


gms, 
20.9 
23.1 
22.9 


cc. 

m 

190 
194 


gms. 
17.6 
22.8 
19.9 


cc. 
204 
200 
232 


0.87 
.74 
.84 


09 
70 
71 


19 
20 
20 


60.9 


189 


00.2 


234 


• • 


• • 


■ • 





' Carbon dioxide elioiinated per kilogram per minute, 2.98 o.c. ; oxygen absorbed per kilogram per minute. 8.62 o.c. 
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pulse and respiration records were taken in the usual way. By means of the 
clinical thermometer the subject made a few records of the body temperature 
at 10** 55" a. m., 11*» 55" a. m., 12*» 55" p. m., and 1^ 50" p. m. During the 
latter part of the second period the subject was apparently asleep, and was 
sound asleep near the end of the third period, but awoke before the close of the 

Table 106. — Statistics of urine — RespirabUm experiment No. XS and calorimeter 

experiment No. X4' 



Date and period. 


Volume. 


Total 
nitrogen. 


Sugar. 


Mar. 17. 1910: 

7"» 00" a.m. to 9»' 55» a.m.* 

9 66 a.in. 1 00 o.m 


c.e. 
627 
142 

900 


gma. 
1.61 
1.09 

10.38 


gmt. 

0.6 

.2 

2.1 


Mar. 17^18. 1910: 

1*» OOF D.m. to 7** 00^ a.m 





^Subject drank a cup of coffee at about 7** 16™ (?) a.m. 

experiment. He telephoned twice during each period. Before the experiment 
he urinated at 9** 55" a. m., but was unable to urinate again until 1 p. m. No 
water was taken during the experimental period. The records of the experi- 
ment are given in tables 105 and 106. 

Table 107. — Comparison of metabolism experiments in the chair calorimeter vrith Case X. 

Experiments without food. 



Kxpexi- 

meiit 

No. 


Date. 


Weiffht 
subject. 


Leni^tbof 
eipenmeot. 


Per minute. 


Respi- 
ratory 
quotient. 


Average 
pulse per 
minute. 


Avera^ 
respiration 
per minute. 


Carbon 

dioxide 

eliminated. 


Oxywm 
absorbed. 


XI 
X2 
X4 


1910. 
Feb. 28. . . . 
Mar. 1»... 
Mar. 17.... 


kilo: 
62.3 
62.7 
64.6 


hri. min. 
3 00 
3 00 
3 00 


e.c. 
220 
204 
189 


e.c. 
299 

256 
234 


0.73 
.80 
.81 


68 
63 
70 


21.6 
20.6 
19.6 



^About 2 hours before the experiment began the subject drank a oip ol coffee. 



PART III. 

DISCUSSION OF RESULTS AND GENERAL CONCLUSIONS. 

While in general the order and method of discussion of the subjects in this 
publication follow that in the earlier report, as experimental evidence accumu- 
lated certain topics which were much more completely studied warranted more 
extensive consideration. Furthermore, while in the earlier publication it was 
important to emphasize more especially the relationship between the respira- 
tory exchange and the character of the metabolism, particularly with normal 
individuals, here it is necessary to pay but little attention to normal metabo- 
lism, because it is believed that this phase of the study was amply treated in the 
earlier report. None of the experiments with food are discussed in this report 
pending further investigation, but the statistics for these experiments have been 
presented in order to record the data permanently for subsequent use. 

Pulse-Rate. 

In the earlier series of experiments a cursory examination of the pulse-rate 
taken from time to time indicated that there was apparently no marked differ- 
ence between the pulse-rate of normal individuals and that of diabetics, the 
fluctuations in the pulse-rate of the diabetic subjects being within normal 
limits. It would appear from the lack of data upon the subject in the text- 
books of medicine and in the monographs upon diabetes mellitus that this 
coincides with the opinion of most clinicians, but such a conclusion rests upon 
negative evidence alone, since usually little attention is paid to the pulse-rate 
in chronic afebrile diseases of a non-circulatory type. It is quite possible that 
a closer study of this factor may supply much information of value. 

In physiological experimentation it is frequently difficult to distinguish 

between the normal and the abnormal. The popular conception of a normal 

pulse-rate is the observation usually made by a physician in his office, which 

may often be affected by the muscular exercise of the patient in walking to the 

office, or the excitement incidental to consulting a physician. To obtain a 

true normal value, however, the observation should be made under conditions 

which would insure its being unaffected by food, exercise, or mental stimulus 

of any kind. Such conditions are obtained when the record is taken with the 

subjects lying quietly in bed without food. It seemed therefore desirable in 

the later researches to make a more detailed record of these values, and study 

carefully not only the pulse-rate of the diabetic subjects, but also of the normal 

subjects used for comparison. An abstract of the results is presented in tables 

108 and 109, in which are given the minimum and maximum pulse-rates 

recorded while the subjects lay quietly without food in the bed calorimeter or 

on a couch in respiration experiments. The values given for the diabetics 

include those obtained for all of the subjects in both the earlier and the later 

experiments, with the exception of E and F, no records of pulse-rate being 

available which were taken while these subjects were lying down. 
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The average for all of the diabetic subjects shows a minimum pulse-rate of 
65 beats per minute, and a maximum of 81 beats. The average maximum and 
minimum pulse-rates for the normal subjects are 54 and 74 respectively, both 
materially lower than the averages found for the diabetic subjects. In prepar- 
ing these tables, care was taken not to include any records obviously affected 
by excitement or other untoward incident in connection with the experiment, 
three records approximately constant usually being taken as indicating the 
maximum or minimum. The values given can therefore be considered as repre- 
senting the average normal variations in pulse-rate to be expected for normal 

Table 108. — Pulse-rate of diabetic subjects. 



Subject. 


Minimom. 


Maximam. 


Subject. 


Minimum. 


Maximum. 


Subject. 


Minimum. 


Maximum. 


A 


65 
66 
60 
62 
69 
64 
117 
60 


86 
72 
84 
68 

74 

90 

122 

84 


K 


73 
64 

64 
63 
67 
64 
61 
64 


83 
73 
80 
84 
69 
82 
83 
73 


8 


67 
63 
72 
62 
90 
72 


60 
71 
97 
69 
111 
76 


B 


L 


T 


c 


M 


U 


D 


N 


V 


G 





W 


H 

I 


P 


X 


Q 


Average . 


J 


i:::::::::: 


66 


81 







individuals under the conditions of experimenting as employed in this labora- 
tory, and for patients with severe diabetes. It will be seen, therefore, that both 
the minimum and maximum pulse-rates of normal individuals are markedly 
lower than those of diabetics. 

It must furthermore be remembered that in practically every instance the 
normal individual led a much more active life, had much greater muscular tone, 
and was more restless than were the diabetics. This makes the difference in 
pulse-rate all the more striking, since one would ordinarily expect a somewhat 
higher value with the more active and restless normal subjects than with the 

Table 109. — Pidse-rcUe of normal svbjects. 



Subject. 


Min. 


Max. 


A. F. G 


69 
66 
66 
61 
74 
68 
64 
46 
63 


62 
82 
78 
76 
90 
70 
96 
76 
66 




MiasJ 


J^fflS ^» •«•••••••••• 


MiflsE. W 


Mre. S. C 

JH. JH. A 


Dr. P. R 



Subject. 


Min. 


Max. 




68 

49 
70 
60 
87 
45 
40 
62 
49 


69 
82 
82 
61 
64 
59 
62 
74 
66 


Bu,t A. M •.••...... 


Mi88 B 


Dr. S 


U. K • L 

lit. X . \J. 

Iv. H. A.... 

T p 


O.F.M 



Subject. 



Prof.C 

MiaiL 

V.G 

M.B 

MiasB. W 

D.M 

Total average.. 



Min. 



48 
64 
48 
60 
66 
74 
48 



64 



Max. 



68 
79 
80 
68 
74 
97 
72 



74 



weak, sick diabetics, disinclined to any extraneous muscular motion. An 
examination of tables 108 and 109 shows no regularity in either the minimum 
or maximum pulse-rates when individual diabetics are compared with normal 
individuals, since some of the diabetic subjects show a minimum pulse-rate con- 
siderably lower than the average minimum pulse-rate of the normal subjects; 
and similarly, the normal individuals in some instances show a pulse-rate con- 
siderably higher than the average maximum pulse-rates of the diabetics. On 
the whole, however, a distinct tendency toward an increased pulse-rate in 
diabetics is here clearly shown. This increase is fully in conformity with the 
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increased metabolism previously noted and further substantiated by the evi- 
dence set forth in this report. Yet in this discussion of the pulse-rate it should 
be stated that it is questionable whether sufficient information with regard to 
normal pulse-rate has accumulated to indicate that a variation above normal 
of 15 per cent could be recognized. While the metabolism may be 15 per cent 
above normal and be accurately measured, since normal metabolism is fairly 
well established, a 15 per cent increase in pulse-rate could not be so easily 
identified. The intimate relationship between pulse-rate and metabolism is 
increasingly evident in practically every new publication on metabolism and 
shows that to-day the pulse-rate is taking on a new significance; it is not at all 
impossible that the degree of acidosis and the degree of metabolism may be at 
least approximately estimated in diabetics by a careful examination of the 
pulse-rate. In this connection, a reference to the later discussion on the rela- 
tionship between acidosis and metabolism will be of interest. (See page 123.) 
While an increased pulse-rate is invariably accompanied by an increased 
metabolism, it is by no means to be inferred that the increased metabolism is 
due exclusively to the work of the heart. In fact, from what is known of the 
work of the heart, it can be seen that probably but a very small proportion 
of the total increase can be properly ascribed to the actual muscular action of 
the heart itself, but that the increased pulse-rate is an excellent index of gen- 
eral tonus is highly probable. Unquestionably, during increased metabolism 
and increased pulse-rate, there is some tendency toward an increased respira- 
tion rate, but here again it is highly improbable that the muscular action 
involved in raising the chest-wall can in any considerable proportion account 
for the total increase in metabolism. On the other hand, both the increased 
muscular activity of the heart and the increased work of the respiratory mus- 
cles unquestionably contribute some small quota to the total increase in metab- 
olism. We commend to the attention of the physician the importance of the 
pulse-rate in diabetes and particularly the value of changes in the pulse-rate in 
the same patient during the progress of the disease. We likewise commend to 
all experimenters the practice first established by Prout^ of reporting the 
pulse-rate with the chemical data of each experiment. 

Body -Temperature. 

In a research of this kind, measurements of body-temperature have two 
purposes. First, to learn whether the temperature measurements are within 
normal limits and, second, for use in computing the heat production. The 
variations in body-temperature necessitate proper corrections for heat stored 
when the body-temperature rises, or for heat given oflf, and thus not produced, 
as the body-temperature falls. An ideal experiment, therefore, would call for 
continuous measurements of body-temperature, particularly at the beginning 
and end of each experimental period. In this laboratory and in the laboratory 
of Wesleyan University, Middletown, Connecticut, much attention has been 
paid in the last ten years to such measurements. To obtain the most accurate 

iProut, Ann. Philos., 1813, 2, p. 328. 
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calorimetric measurements, an electrical resistance thermometer which can be 
inserted deep in the rectum has been used for measuring rectal temperatures, 
but a number of the diabetic subjects found this somewhat objectionable, 
although in no sense painful. Accordingly, in many instances we were obUged 
to content ourselves with temperatures taken in the mouth by means of a 
mercurial clinical thermometer of good grade. With a number of subjects, 
however, we were able to determine the rectal temperature by the electrical 
resistance method. In general, the fluctuations and actual temperature 
measurements ranged well within what are commonly supposed to be normal 
limits; only one of the diabetic subjects showed a body-temperature that 
could be considered in any sense above normal, and even normal individuals 
have indicated equally as high a temperature as did this diabetic subject. 

Table 110. — Body-4emperature of diabetic subjecU. 



Subject. 



A. 
B. 
C. 
E. 
F. 
G. 
H. 
I.. 
J., 
K. 
L. 
M. 
N. 
U. 
X. 



Sublingual.' 



Mazimom.* 



Minimum.* 



98.4 (8«.90) 
08.0 (36.05) 

99.0 "(37.26) 
98.95 (37.20) 



98.6 (37.001 
98.65 (37.05 
98.55 (36.95 



98.3 (36.85) 

98!7* 07.66) 

98.6 »7.00) 

98.2 (36.80) 



97.2 
97.6 



(36.20) 
(36. 



45) 



98.0 (36.65) 
97.95 (36.65) 

97!6' (36.45) 
97.75 (36.55)« 
98.25 (36.80) 

97!96 (86.66) 

97!62'(36'.i6') 
98.4 (36.90) 

97.1 (36.15) 



Rectal.* 



Maximum. 



37.67 
37!32 

38!65 



37.14 
37.71 
37.11 



Minimum. 



36.30 

• • * • • 

36 49 

• • • • • 

37.70 



36.93 
36.56 
36.44 



1 ReoMtls takeo with a olinieal thermometer. 
* ReoMtls takeo with an electrical reeistanoe thermometer. 
'Centigrade equivalents given in parentheses. 
«For Case I there was also 97.3<' F. (36.28<' C.) on Feb. 23, 1911, 
sitting in chair after the experiment. 

To give an indication of the minimum and maximum temperatures 
observed with the diabetics, we have collected in table 110 the values for both 
the sublingual temperatures taken with a mercurial thermometer and likewise 
the rectal temperatures taken with the electrical resistance thermometer. An 
inspection of the data shows that the sublingual temperatures are practically 
those ordinarily experienced with normal individuals in health. The rectal 
temperatures are almost invariably somewhat higher than are the sublingual 
temperatures, as would be expected from the well-known fact that tempera- 
tures in the rectum are considerably higher than those in the mouth. With 
one subject, Case G, the temperature was somewhat higher than normal, 
averaging close to 38® C. throughout the whole experiment. 

Since the publication of our first report on metaboUsm in diabetes, a 
research has been concluded in this laboratory,^ demonstrating what has 
hitherto been assumed, namely, that fluctuations in temperature taken deep 

^Benedict and Slack, A comparative study of temperature fluctuations in different 
parts of the human body, Carnegie Institution of Washington Publication No. 155, 1011. 
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in the rectum are accompanied by similar fluctuations in different parts of the 
body. For purposes of computing the heat production, it is most necessary 
to know if an alteration in temperature of 0.1 degree in any one part of the 
body shows a like alteration in the temperature of the body as a whole, the 
absolute temperatures not being so significant. The investigation referred to 
has shown that when the rectal temperature falls 0.1 degree, there is a corre- 
sponding fall in all other parts of the body; hence it is logical to assume that a 
change of temperature measured in the rectum may be ascribed to that of the 
whole body. In computing the heat production, therefore, correction can be 
made for the heat lost from the body when there is a lowering in the tempera- 
ture by multiplying the specific heat of the body by its weight and by the 
loss in temperature as measured in the rectum. 

The importance, therefore, of this table is that it establishes the fact that 
the temperatures of diabetics as a rule range well within what are commonly 
supposed to be the normal limits. We wish, however, to point out here the 
difficulties experienced by Benedict and Slack in securing adequate and proper 
records of the body-temperature by means of the mercurial thermometer in the 
mouth. As a means of indicating the presence or absence of a high fever this 
method is certainly rational, but for all physiological purposes and especially 
for the measurement of small differences in temperature, observations taken in 
the mouth are wholly unsatisfactory and no reliance should be placed upon 
them. On the other hand, rectal temperatures should be taken deep in the 
rectum, the thermometer being inserted at least 5 cm. if the true internal 
temperature of the body is to be recorded. 

BODY-WEIGHT. 

Perhaps no one gross observation made during the course of diabetes melli- 
tus is of greater significance and causes greater alarm, both to patient and 
physician, than the persistent loss in body-weight. On the other hand, slight 
changes in body-weight which may accompany dietetic alterations or the inges- 
tion of sodium bicarbonate are looked upon as material gains and of diagnostic 
value, and are thus liable to be misunderstood by the patient. To interpret 
intelligently these changes it is necessary both for the physician and for the 
patient to realize the factors affecting the body-weight of normal as well as 
pathological cases. 

Few realize that the normal individual is continually undergoing changes 
in body-weight throughout the 24 hours. The extent and rapidity of these 
fluctuations may best be shown by means of a chart obtained from observations 
made every hour for 24 hours. (See fig. 1.) The subject was weighed on a 
sensitive platform balance; the total weight of food eaten at different times 
was recorded, also the total weight of drinking-water when it was taken, and 
the weight of urine and the weight of feces when passed. In addition to being 
weighed every hour, the subject was weighed immediately before and after 
eating or drinking, passing urine, or defecating. Two series of observations 
were made, the results of which are shown in curves I and II. Curve I gives 
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a record of hourly weighings taken when the subject was awake the whole 24 
hours; curve II shows the results of hourly weighings made during the waking 
hours, also a record of the total loss during the night sleep. 

In curve I it can be seen that except at the times when food was taken 
there was a downward tendency of the curve throughout the whole 24 hours. 
As a matter of fact, the general angle of the curve with the base-line is essen- 
tially the same throughout the whole day. During this experiment the subject 
was engaged in experimental work in the laboratory which necessitated con- 
tinous observation during the 24 hours, and hence we find no variations in the 
rapidity of the combustion of materials during the day or during the night. 
On the other hand, when the same subject spent a normal amount of time in 
bed asleep, the course of the curve (curve II) is somewhat different. During 
the day its course is essentially the same as that of curve I, but during the night 
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Fia. 1. — Curves showing hourly changes in body-weight for 24 hours. 

Curve I shows the chances in bodv-weight when the subject wss awake the entire 84 hoars. 
Carve 11 shows the chances in body-weicht when the sabjeot was awake from 7 a.m. to 10 pjn., and asleep 
from 10 p.m. to 6 aan. 

the loss is much less; this would be expected from the fact that instead of being 
engaged in rather active muscular work about the laboratory, the subject was 
in bed asleep. Curve I furthermore shows that the long night work was rather 
severe and the body-weight was noticeably less at the end than it was at the 
beginning of the experiment. In curve II the body-weight returned to essen- 
tially the same point at the end of the 24 hours, notwithstanding the fluctua- 
tions due to the ingestion of food and drink and the loss in feces and urine. 
The second curve shows clearly, therefore, that the body-weight varies at 
different times of the day, but it may be noticeably different on different days, 
easily varying 1 or 2 pounds in the course of a single day. 

It is obvious that, aside from the loss in weight due to the passing of urine 
or feces, there is a general tendency for the body to lose weight from hour to 
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hour. This is due to a loss which has been known since the days of Sanctorius* 
as insensible perspiration. One of the best methods of observing this loss in 
weight in the form of insensible perspiration is during the night. If, for 
example, the subject is weighed just before going to bed and again in the morn- 
ing immediately on rising and before the bladder is emptied, the loss in weight 
will be due to insensible perspiration. Two such experiments were made with 
a normal man weighing approximately 85 kilos, without clothing and a normal 
woman weighing 65 kilos, without clothing. The results are shown in table 
111, which gives the number of hours spent in bed and the loss in weight in 
grams. The loss in weight was found to be directly proportional to the restless- 
ness of the sleep, as on a hot, uncomfortable night it was much greater than on 
a cold night when the person slept quietly beneath bedclothes, instinctively 
moving no more than was necessary. On the average the man lost 39 grams 
per hour and the woman 29 grams. The insensible perspiration, therefore, was 
not far from 30 to 40 grams. 

Table 111. — Loss in body-weight during night. 



MaB,85kikM. 


WODUM, 65 IdkM. 


Date. 


la bed. 


LOBBb 

weisht. 


Date. 


In bed. 


LoBBin 
weishi. 


1808. 
Oct. 7.... 
Oct. 8.... 
Oct. 9.... 
Oct. 10. . . . 
Oct. 11.... 
Oct. 12.... 
Oct. 13.... 


hn. mill. 
8 45 
8 

8 15 

9 
9 
8 15 
8 


gma, 
880 
860 
800 
810 
800 
860 
860 


1808. 
Oct 18.... 
Oct. 14.... 
Oct. 81.... 
Nov. 1.... 


irf. min. 

8 
45 
7 15 

9 


gmu. 
170 
270 
280 
200 



Averace km per hour: Mao, 30 grama: wmnaa. 20 gramB. 

This observation, made with a platform balance, of the loss of 30 to 40 
grams of weight by insensible perspiration received substantiation from the 
results of 50 or more experiments carried out in the Nutrition Laboratory by 
more refined and exact methods. With a considerable number of individual 
subjects it was found that the loss due to insensible perspuration, during wak- 
ing hours, when the subject was sitting still* inside the respiration chamber, 
averaged 40 grams per hour. In certain work experiments this insensible 
perspiration was greatly increased, but it is safe to say that a normal person, 
sitting still and reading quietly, will lose in weight approximately 40 grains 
per hour. With severe muscular work the loss may be increased tenfold, or, 
indeed, during the time of strenuous muscular exercise, as in athletic contests, 
even a hundredfold. Although the amount of this insensible perspiration can 
be obtained by accurately weighing the subject on scales, the character of the 
loss can be determined only by careful respiration experiments, which show 
that carbon dioxide and water-vapor are continually being given ofiF from the 

> Sanctorius, De medknna statica aphorism!, Venice, 1614. Translated by John 
Quincy, M. D., London, 1737. 

* Benedict and Carpenter, Carnegie Institution of Washington Publication No. 126, 
1910. p. 114. 
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body and oxygen consumed. The loss in insensible perspiration is, then, not 
simply an evaporation of water from the body, but consists, in part at least, of 
an actual loss of organized body-tissue that has been oxidized by the oxygen 
taken into the lungs and given off both as carbon dioxide and as water result- 
ing from the oxidation of organic hydrogen. 

Referring again to curves I and II in fig. 1, it will be seen that the increase 
in weight found after taking food was due simply to the weight of the food 
taken into the intestinal tract, and that the noticeable losses in weight follow- 
ing the passage of urine and feces were due to the loss of these materials from 
the body. In discussing changes in body-weight, the important point to note 
is whether there are additions to or losses from the total body-mass, the inci- 
dental fluctuations due to the taking on of food or the passage of urine or feces 
being of no great importance. If, then, during a period of one year, the body 
gradually increases in weight a number of pounds or loses a number of pounds, 
it is clear that these changes in weight can not be due to minor fluctuations in 
the quantity of water or food taken, of urine passed, or of feces excreted. 

A factor which should be taken into consideration in interpreting changes 
in body-weight is the fluctuation in the water-content of the body. Under 
certain conditions it is possible for the body to retain considerable quantities of 
water and, indeed, to be deprived of considerable amounts of water that would 
normally be retained. Since about 60 per cent of the body is water, any 
change of water-content may result in material gains or losses in body-weight. 
A man weighing, for example, 65 kilos, may have an absolute water-content of 
40 kilos., so that a relatively small change in the percentage of water in the 
body may produce a change in body-weight of 1 kilo. 

It was observed many years ago byBischoff and Voit,* in a series of experi- 
ments with animals, that when the diet was in large part carbohydrate there 
was a tendency for the body to retain water in that the muscular tissues became 
more moist. By means of the respiration calorimeter at Wesleyan University, 
Middletown, Connecticut, an interesting experiment was made on a man 
which showed conclusively the effect of the constituents of a diet on the water- 
content of the body.^ During the experiment, which lasted 6 days, the sub- 
ject was confined inside of a respiration chamber and spent 8 hours of the day 
riding a stationary bicycle ergometer, thereby doing a considerable amount of 
muscular work. The daily routine and the quantity of work performed were 
adjusted so that they would be the same on all days. During the first three 
days the subject was given a diet containing a large amount of carbohydrate, 
the total diet being nearly, although not quite, sufficient to supply him with 
energy for the amount of work he was to do. In this period, which was pre- 
ceded by a preliminary period with the same diet, the body retained its weight 
for a number of days. On the fourth day the character of the diet was materi- 
ally altered by decreasing the carbohydrate and increasing the fat. Singularly 
enough, although the actual total weight of food ingested was somewhat more 

^Bisohoff und Voit, Die Ctosetie der Emfthningdes Fleischfreasers, Ldpsic, 1860. 
'Benedict and Milner, U. S. Dept. Agr., Office Exp. Stas. Bui. 175, 1907, p. 225. 
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than on the first three days, nevertheless the body actually lost in weight 950, 
839, and 952 grams on the first, second, and third days, respectively, thus 
showing that with the carbohydrate diet the body of the subject had a ten- 
dency to retain a much larger amount of water than with the fat diet. The 
results of this experiment are presented in table 112. 

The chemical analyses of food, feces, and excreta, including especially the 
determination of carbon dioxide produced, oxygen consumed, and water vapor- 
ized, give the data for the exact computation of the kind and amount of 
material lost from the body. The results from this 6-day experiment show 
that the quantities of the food had been so adjusted to the needs of the body 
that there was practically no draft upon body-material or storage of either pro- 
tein, fat, or carbohydrates, but that there were great changes in the amount of 
water. It was found on the average that the body actually stored 165 grams 
of water per day during the carbohydrate period and actually lost on the aver- 

Tablb 112. — Changes in hody-weighi due to diet, 

CARBOHTDRATE DIET. 



DAtaaDd 
diet. 


Food aod drink. 


Body, 
weisht. 


aaia(+) 

or l08B 


Solid 
mattor. 


Water. 


Total. 


1904. 

Apt, 10 

16-17.. 
17-18.. 
18-19.. 


gnu, 

• • m 

970 
966 
966 


• • • • 

8577 
8553 
8491 


fm«. 

• • • • 

4547 

4519 
4457 


KlM. 

75.066 
75.448 
75.414 
75.269 


tnu, 

• • • 

+857 
- 29 

-145 


FAT DIET. 


Aur. 19-20.. 
20-21.. 
21-22.. 


750 
745 

747 


3106 
4150 
4152 


8859 
4896 
4899 


74.319 
78.480 
72.528 


-950 
-889 
-962 



gnuna. 

Ayeraie caia per day, oarboh]rdmte diet + 61 

Ayeraca kms per day, lat diet —914 

Water atoied per di^, earbohydtate period +165 

Water lost per dasr/lat period -906 

age 906 grams of water per day during the fat period. This loss during the fat 
period corresponds almost exactly with the loss in body-weight, and shows 
that the loss is due to water. Similar experiments have shown that the reverse 
is true, i, e,, when the previous diet contained a preponderance of fat and the 
change was suddenly made to a carbohydrate diet, there was a marked increase 
in weight. Obviously, there would be a limit to such retention of water, since 
the body would not continue indefinitely to accumulate water at the rate of 
500 or 600 grams a day, as it would soon become "waterlogged" under these 
conditions. There is, however, something in the character of a rich carbo- 
hydrate diet which seems to demand a larger proportion of water, and this 
demand is provided for by a storage of water in the body-tissue; when the 
carbohydrate diet is changed to a fat diet, this water is freely excreted. The 
restriction of carbohydrate and the increase of fat which are prescribed when, 
diabetic patients are first started upon dietetic treatment duplicate the above 
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experiment and the loss of weight which such patients usually undergo at once 
is thus in part explained. Conversely, a gain in weight aknost universally 
accompanies the oatmeal cure. 

That other conditions also play an important rdle in the storage of water 
in the body has been shown in our extensive experience with diabetics. It has 
been frequently found that when diabetics are on a strict diet and are given 
relatively large amounts of sodium bicarbonate to counteract the ever-present 
tendency to acidosis, there may be a considerable retention of water and con- 
sequent increase in body-weight inside of a few days. An abstract of the 
results with one of the cases (Case A) is given in table 113. The records of 
the body-weights were made in the early morning before food was taken. 
Beginning November 6, 20 grams of sodium bicarbonate were given daily, and 
the results show that while the body-weight, on the morning of November 6, 
was 49.3 kilos., on the morning of November 11 it had increased to 53.3 kilos., 
or a gain of 4 kilos. Since at this time the subject was living on a very 
restricted diet, with barely enough energy in the diet for daily maintenance, it 
can be seen that this increase must have been due not to the retention of organ- 
ized body-material, either protein or fat, but simply to water. If the dietetic 
conditions had been reversed, an equally rapid loss in weight would have been 
expected, corresponding to the amount of water lost. 

Table 1 13.— ^oin in weight qf a diabetic with admimetratian of $odium bicarbonate.* 



Date. 


Sodium 

bioar- 

booate. 


Body- 
weisbt. 


Date. 


Sodivm 

bioar- 

bonate. 


BodT. 
iraicht. 




giM, 


kao9. 




gmM. 


k3o9. 


Not. 2 





48 1 


Nov. 7... 


20 


607 


8 





48.6 


8... 


20 


81 6 


4 





400 


«... 


20 


62 4 


5 





48.0 


10... 


20 


63.8 


6 


20 


49.8 


n... 


20 


68.8 



*The pcofwrtioDS of proteiB, oaibobydxate* and lat, as well as total ealoriet, were Marly ooMtant tl^^ 



While a knowledge of the fluctuations in body-weight due to the retention 
or loss of water plays an important rdle in gaining a correct understanding of 
the significance of changes in body-weight, we need pay particular attention 
only to drafts upon organized body-material. Of the four remaining constit- 
uents of the body — ^the protein, fat, carbohydrate, and the mineral matter — 
the largest addition or depletion can be made in the case of fat. Additions 
to the protein content of the body are not so easily made as are additions to 
the fat. Experiments in the laboratory of Professor von Noorden^ have shown, 
however, that considerable quantities of nitrogenous material can be stored in 
the body, but how this is stored and in what form is by no means certain. It is, 
however, reasonably certain that the protein is not stored in the form of active 
protoplasmic tissue which necessitates an active metabolism. After the body 
has been subjected to a fast it seems to have an especial ability to restore the 
loss of nitrogenous material and even take on a greater amount. While under 

*See MCdler, Zentralblatt f. die ges. Path. u. Phann. des Stoffwechsels, 1911, 6, p. 617. 
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special experimental conditions it is possible for us to add to or take from the 
store of nitrogen in the body to the extent of several hundred grams, never- 
theless this is rarely accomplished. Consequently, in studying fluctuations of 
body-weight ordinarily occurring outside of those attendant upon wasting dis- 
eases, we do not need toconsider any alterations in the storage of body nitrogen. 

One of the most important compounds in the human body is the relatively 
small quantity of carbohydrate material, chiefly in the form of glycogen in the 
liver and muscles. While it is believed that there may be, relatively speaking, 
a large draft upon this storage of body-glycogen, which has been estimated by 
some writers to be not more than 400 grains, the total fluctuation one way or 
the other is not of sufficient moment to play any part in considering the major 
changes in body-weight. It is possible, indeed probable, that varying amounts 
of glycogen may indirectly control or influence the presence of varying amounts 
of water, but glycogen per se can not be materially added to the body or taken 
from the body, since the total storage is small — ^probably not far from 400 
grams. The remaining compound of the body, i. 6., fat, can, however, be 
enormously added to or taken from. It is with changes in the storage or loss 
of fat that we have chiefly to do when discussing the question of the gains and 
losses in body-weight, particularly losses that are the result of a progressive 
change covering some weeks or months. 

It has aheady been pointed out how by certain abnormal conditions we 
can produce rapid fluctuations in the water-content of the body, but it is prac- 
tically impossible to secure any rapid change in the amount of fat stored or lost 
by the body. Even fasting for a day does not lead to any appreciable draft 
upon the storage of fat. It has been proved that in a normal healthy indi- 
vidual undergoing a complete fast for 24 hours, the glycogen may be depleted 
to the extent of possibly one-half of its original value. Then after this deple- 
tion of glycogen has taken place, the fat is drawn upon, and after the third day 
the draft is chiefly upon the fat-content of the body, with a relatively small but 
constant depletion of the glycogen and protein; thus it is seen that any changes 
in weight having to do with 1 or 2 pounds inside of 24 hours can not in any 
way be considered as changes in the fat-content of the body. 

To study the character of these changes, respiration experiments are essen- 
tial, in which the carbon-dioxide production is determined as well as the oxygen 
intake and, if possible, the vaporization of water. If we were to collect all of 
the products of expiration from the body, namely, the carbon dioxide and 
water-vapor, we would not even then have an equivalent of the material lost 
from the body, for of the carbon dioxide and that portion of the water which is 
formed by the oxidation of organic hydrogen, a not inconsiderable amount is 
due to the weight of the oxygen absorbed from the air. For instance, assuming 
that a man at rest in 24 hours produces 700 grams of carbon dioxide and gives 
off 900 grams of water by sensible and insensible perspiration, this total weight 
of 1,600 grams does not by any means represent the loss from the body, since 
of this amount at least 700 grams is due to the oxygen absorbed out of the air, 
and the actual loss from the body would therefore be approximately 900 grams 
of water and organic material. 
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Here again we find the ever-occurring changes in water-content com- 
pletely masking all information with regard to the loss of organized body-tissue. 
The water given oflf from the body is from two sources, first, the preformed 
water existing as such in the tissues, and, second, the water resulting from the 
oxidation or burning of organized body-material. The respiration calorimeter 
with its accessory appliances shows us the method by which the water leaves 
the body, but it does not tell us whether the water from these two sources has 
any selective method of discharge; thus, all the water formed from the combus- 
tion of organic tissue is not excreted through the limgs and skin, nor is the 
water drunk all excreted through the kidneys. The data for the losses in 
gross weight cease to be of any service to us, therefore, in telling us what pro- 
portion of the daily loss is due to the oxidation of organized tissue. 

As a result of a large number of calorimetric experiments on men, both fast- 
ing and with food, it can be shown that the average man at rest without food 
may oxidize per day about 75 grams of protein, 25 grams of glycogen, and 200 
grams of fat, a total of 300 grams of water-free organized body-tissue. It can 
be readily seen, therefore, that with subjects at rest large changes in weight 
must be due not to the oxidation of organic matter, which amounts to only 300 



Table 114. — Lass in body-weight after severe muscular exercise. 



Sabject. 



Football playier 

Marathon nmiier 

Collect B<mnd boat orew 



Doratioo 
of work. 



Ir«. miH, 

1 10 
8 

22 



in 
weicht. 



ttm. 

14.0 

8.6 

6.S 



Mm. 
6.4 
8.0 
2.6 



grams per day, but to large excretions of water. With increased muscular 
activity we have both increased destruction of organized tissue and likewise 
very large increases in the amount of water lost from the body. This is well 
shown by the records of losses in body-weight due to the excessive exercise of 
athletes, and while the observations lack that finality in conclusions that experi- 
ments in the calorimeter have, yet they are of great interest. The strenuous 
exercise incidental to eight-oared boat racing and to football games, particu- 
larly in the early fall, when the subjects are not perfectly trained and when the 
weather is liable to be hot, has frequently been made the subject of more or less 
observation. Thanks to the kindness of Prof. William G. Anderson, of the 
Yale University gymnasium, we are able to present authoritative figures on 
this subject. A number of years ago a well-known football player at Yale was 
weighed before and after a contest which lasted in all about an hour of actual 
playing. During the period this man, whose original body-weight was 191 
pounds, actually lost 14 pounds. This observation, together with some others 
likewise furnished by Professor Anderson, are given in table 114. As pre- 
viously stated, a man sitting quietly loses weight as the result of insensible 
perspiration approximately 40 grams per hour. The football player lost 6,000 
grams, or 150 times as much. 
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It is impracticable inside the narrow confines of a respiration calorimeter 
to study the metabolism of Marathon ninners or a collie eight-oared boat 
crew, but a bicycle rider, riding to the limit of human endurance, has been 
studied.^ If we use the figures for carbon-dioxide production and oxygen con- 
sumption determined on this professional rider, we shall be able to compute the 
probable loss in weight from the body of the football player which was due to 
the oxidation of organic material; by deducting this loss from the total weight, 
we can find the loss due to the insensible and sensible perspiration. The bicy- 
clist produced 200 grams of carbon dioxide per hour and absorbed 121 grams of 
oxygen. Since practically all of the oxygen absorbed was inmiediately given 
off in combustion products, we may infer that of the total loss in weight from 
the body the carbon sufficient to produce 200 grams of carbon dioxide repre- 
sents approximately the amount of organic material lost from the man's body 
during one hour of severe muscular work, although there should also be a small 
allowance for hydrogen. It is safe to say, therefore, that during an hour of 
exceedingly hard muscular work, such as this strenuous football player indulged 
in, there would be burned in the body not far from 100 grams of dry organic 
material. This is approximately a quarter of a pound, leaving a total of 13.75 
pounds of lost weight due to water. However, eating and drinking caused the 
body-weight of the subject to return to normal inside of 48 hours. 

This illustration not only serves admirably to show the enormous fluctua- 
tions that can take place in the body in a very short time, but also gives us a 
hint as to the possible cause of sudden changes in body-weight such as may be 
experienced inside of 24 or 48 hours, namely, that these changes in body-weight 
must of necessity be due to changes in the water-content and not to changes in 
the organic constituents of the body. In mild diabetes the initial loss in body- 
weight may therefore well be due in large part to loss of water, and although 
there may be a rapid fall in body-weight, sufficient to alarm both patient and 
physician, it need not necessarily represent the loss of organized tissue; it may 
simply be due to the restriction of carbohydrate during the process of getting 
the patient sugar-free. During the initial course of the disease, therefore, 
changes in body-weight are liable to be peculiarly deceptive, both qualitatively 
and quantitatively, since an apparent large loss in body-weight may be due 
exclusively to changes in water-content, with material drafts upon the organ- 
ized tissues. After this preliminary period with marked loss in body-weight 
has passed, it is probable that the loss is then due to tissue disintegration. 

While it is true that sudden initial changes in body-weight may reasonably 
be ascribed to fluctuations in the water-content of the body, it nevertheless 
remains a fact that an inevitable consequence of diabetes, especially when 
severe, is a persistent and considerable loss in weight. Although it is difficult 
to obtain accurate data from patients with regard to their greatest body- 
weight in health, particularly without clothes, we have attempted in all these 
cases to secure information with regard to this important factor. These 
weights are given in table 115, together with the minimum weight observed by 

^Benedict and Carpenter, XJ. S. Dept. Agr., Office Exp. Stas. Bui. 20S, 1909, p. 29. 
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US or at death. From these the loss m body-weight has been computed, as 
well as the percentage loss. It is seen that in these cases the loss in body- 
weight varied from 5.4 to 48.3 per cent of the initial highest body-weight, with 
an average loss of 22.7 per cent. It is thus clear that a large percentage loss 
in body-weight is almost regularly observed in severe diabetes. 

On some 200 cases taken from several hundred in the practice of one of us 
(E. P. J.) we have likewise computed the percentage loss in body-weight, 
using the highest and minimum body-weights observed. These are given in 
table 1 16. It so happens that the maximum percentage loss observed in these 
200 cases (that of Case No. 3, an excessively fat individual) was but slightly 
greater than that observed in our Case R, who had an initial body-weight 
essentially one-half that of Case No. 3. We have also computed the loss in 
weight experienced by these patients before being seen by E. P. J. as an index 
of the degree of emaciation which patients usually reach before coming under 
special treatment for diabetes. It should be borne in mind that these losses in 

Table 115. — Comparison of hody-weighia of subjects in Jiealth and disease. 



Sabjeot. 



Caw A. 
B. 
C. 
D 
F. 
G 
H 
I. 
J. 
K 
L. 
M 
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Grwteflt 
body- 
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Minimum 


TiOeBin 
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kWBOf 
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weight. 
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kOoa. 


kUo9. 
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68.0 


46.1 


21.9 


922 


50.7 


37.5 


13.2 


26.0 


73.5 


54.9 


18.6 


25.8 


57.3 


45.9 


11.4 


19.9 


80.5 


54.5 


26.0 


32.3 


73.6 


53.1 


20.5 


27.9 


•7.7 


49.2 


8.5 


14.7 


56.8 


39.3 


17.5 


30.8 


59.1 


51.5 


7.6 


12.9 


73.2 


55.6 


17.6 


24.0 


79.1 


62.2 


16.9 


21.4 


86.4 


80.6 


5.8 


6.7 


34.5 


29.6 


4.9 


14.2 



Subject. 



O 

P 

S-.:::: 

8 

T 

U 

V 

W 

X 

A wage 



Greateat 
body- 
wdght 

in health. 



Minimam 

weight 

obaenred. 



kiiot. 
60.8 
49.9 
54.0 
66.7 
71.1 
71.2 
53.1 
63.5 
63.5 
90.7 



kiloa. 
49.2 
38.4 



51 

34 

57 

60 

35.8 

58.3 

51.7 

62.3 



Loss in 
body- 
weight. 



kUo9. 
11.6 
11.5 

2.9 
32.2 
13.6 
20.6 
17.8 

5.2 
11.8 
28.4 



Per oenl 

loss of 



best 
wei^t. 



p. el. 

19.1 

23.0 

6.4 

48.3 



19. 
28. 
32. 
8.2 
18.6 
81.3 



1 
.9 
.6 



22.7 



weight of diabetic patients are not necessarily the result of a sudden change in 
1 or 2 weeks, but usually extend over a period of several months; the only 
inference that can be drawn is that patients undergoing such losses in body- 
weight are prone to delay dietetic treatment too long. 

The gains in weight of diabetics noted on the administration of sodium 
bicarbonate or following a change in the diet with the ingestion of large amoimts 
of carbohydrate in the form of oatmeal may be and probably are due wholly to 
the variations in composition of the water-content of the body; hence such 
gains are not to be considered as additions to organized body-tissue. The 
tendency of optimistic patients to consider the gain in weight of a pound or 
more as an advantageous sign must, in certain instances at least, be dispeUed 
by the attending physician, who should explain that the change in body-weight 
is probably due to a change in the water-content of the body, and in some cases 
can demonstrate this by calling attention to the appearance of edema. With 
the diabetic cases, therefore, we have practically two fundamentally different 
alterations in body-weight to be considered : first, an initial rapid loss in weight 
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Table 116. — Loeiea in hody-vmghi by diabeHcs, 

[WeighU without elothlDc.] 







(6) 

Wcichtat 

oorfint 

observBtioa. 


LcMi in weight preTioai 
to obnrvftooa. 


Ifinimam 

weifht 
obterved. 


MftTimnm Io« in weight. 


Gm»No. 


(«) 
Qreatttt 

wvifht. 








ic) 
AmooBt 


Percent 


Amount 


Percent 








(•-^). 


(c+«). 




(«-«). 


(/+•). 




UOm, 


kUot, 


kao9. 




kilot. 


kao9. 




18 


110.8 


82.8 


48.0 


43.6 


66.6 


63.8 


48.8 


«5 


118.9 


111.2 


2.7 


2.4 


98.6 


16.4 


13.6 


»7 


64.0 


61.1 


12 9 


20.2 


49.1 


14.9 


23.3 


8 


79.9 


70.8 


9.1 


11.4 


68.8 


16.1 


20.2 


no 


8ft.7 


688 


18.1 


20.9 


61.8 


24.9 


28.7 


U2 


ft4.0 


47.8 


16.2 


26.8 


46.4 


18.6 


29.1 


nz 


91.8 


79.6 


11 8 


12.9 


76.1 


16.2 


16.6 


>14 


8ft7 


69.0 


17.7 


20.4 


66.4 


31.8 


8ft 1 


116 


ftl.8 


39.1 


22.7 


86.7 


• • • • 


• • • • 


• ■ • t 


m 


98.6 


87.0 


11.6 


11.7 


86.8 


12.2 


12.4 


m 


71.8 


69.6 


12.8 


17.1 


69.6 


12.8 


17.1 


IS 


78.1 


57.2 


16.9 


21.8 


67.2 


16.9 


21.8 


U9 


96.8 


80.0 


16.8 


16.6 


78.6 


22.2 


23.2 


21 


ftS.l 


60.6 


12.6 


19.8 


60.6 


12.6 


19.8 


26 


ft3.1 


468 


17.8 


28.2 


46.8 


17.8 


282 


26 


109.4 


99.9 


9.6 


87 


99.9 


9.6 


8.7 


128 


39.7 


84.2 


6.6 


13.9 


81.8 


7.9 


19.9 


131 


80.4 


268 


3.8 


11.8 


• • • • 


• • • • 


■ • • • 


132 


82.2 


66.7 


26.6 


31.0 


• • ■ • 


• • • • 


• * • • 


38 


96.8 


94 9 


0.9 


0.9 


82.0 


18.8 


14.4 


84 


ft6.6 


66.6 








61.8 


87 


6.6 


13ft 


93.6 


83.8 


9.7 


10.4 


78.9 


14. ft 


15.6 


37 


82.2 


67.6 


14.0 


17.8 


67. ft 


14. ft 


17.8 


138 


496 


46.0 


4.6 


9.1 


46.0 


4.6 


9.1 


139 


66.9 


697 


6.2 


9.4 


67.7 


8.1 


12.4 


140 


64.9 


66.4 


9.6 


14 ft 


88.9 


26.0 


40.1 


m 


103.6 


754 


28.1 


27.2 


764 


28.1 


27 1 


^2 


84.9 


68.1 


16.8 


19.8 


61.8 


23.1 


27.2 


•44 


649 


508 


8.1 


12.6 


49.1 


16.8 


24.3 


146 


40.ft 


34.6 


6.1 


16.0 


84.6 


6.1 


15.0 


4ft 


108.0 


79.9 


28.1 


26.0 


79.9 


28.1 


26.0 


148 


109.4 


74.7 


84.7 


31.7 


72.2 


37.2 


34.0 


49 


94.9 


82.4 


12.6 


18.2 


82.4 


12.6 


13.2 


161 


88.6 


66.7 


22.8 


26.8 


60.9 


27.8 


81.2 


162 


668 


60.1 


16.2 


24.4 


49.6 


lft.8 


25 3 


•64 


8ft.7 


49.8 


36.9 


42.8 


48.6 


38.1 


43.9 


166 


660 


62.7 


2.8 


4.2 


52.7 


2.8 


4.2 


16ft 


79.9 


61 7 


18.2 


22.8 


61.7 


18.1 


22.8 


167 


689 


56. ft 


12.0 


17.6 


66.9 


12 7 


18.6 


69 


68.9 


69.8 


9.8 


13.8 


66.9 


12.7 


18.6 


•62 


83. ft 


46.8 


17.8 


27.2 


46.8 


17.8 


27.2 


ift4 


88. ft 


48.8 


20.0 


29.2 


42.8 


28.8 


88.3 


ft6 


69.6 


68.8 


1.2 


20 


68.6 


1.0 


1.7 


iftft 


112.1 


89.9 


22.2 


19.8 


87.0 


26.1 


22.4 


70 


118.6 


107.8 


10.7 


90 


103.0 


15.6 


13.1 


71 


80.8 


78.0 


2.8 


8.6 


78.0 


2.8 


8.6 


172 


68.6 


662 


3.4 


6.8 


50.0 


8.6 


14.7 


178 


94.9 


n.8 


17.1 


180 


73 1 


21 8 


23.0 


76 


73.1 


68.6 


14.6 


19.8 


68.6 


14.6 


19.8 


7ft 


88.ft 


66.8 


13.8 


19.4 


54.6 


14.1 


20.6 


77 


03.1 


44.6 


18.6 


29.8 


42.7 


20.4 


823 


78 


69.6 


66.6 


40 


6.7 


53.6 


60 


10.1 


•79 


77.6 


60.4 


17.2 


22.2 


53 1 


24.6 


81 6 


•81 


76.8 


608 


15.0 


19.8 


60.8 


16.0 


198 


•82 


68.4 


49.8 


9.1 


15. ft 


49.8 


9.1 


15.6 


83 


62.2 


54.1 


8.1 


13 


64.1 


8.1 


13 


84 


107.1 


79.6 


27. ft 


26.8 


73.2 


33.9 


81.7 


185 


936 


66.8 


3ft 7 


89.3 


66.8 


36.7 


39.3 


89 


97 2 


77.6 


19.ft 


20.2 


73.1 


24 1 


24.8 


•91 


640 


51 1 


12.9 


20.2 


44.1 


19.9 


81.1 


92 


96.8 


82.8 


13.0 


13.6 


78.2 


17ft 


18.4 


93 


79.9 


64.8 


15.1 


18.9 


629 


170 


21.3 


194 


64.0 


487 


16.8 


239 


47.1 


lft.9 


26.4 


97 


93.6 


76.8 


17.7 


18.9 


722 


21.3 


22.8 


99 


77.ft 


67 6 


10.1 


18.0 


65.4 


12.2 


15.7 


100 


70.8 


63 ft 


7.2 


10.2 


63 ft 


72 


10.2 


UOl 


75.4 


668 


19.6 


26.0 


56.8 


19.ft 


20.0 


102 


79.9 


71.9 


8.0 


10.0 


66.8 


13.1 


lft.4 


103 


104.9 


96.8 


9.8 


9.2 


75.4 


29.6 


28.1 


•106 


43.6 


41.6 


2 1 


4.8 


41.6 


2.1 


4.8 


107 


70.8 


44 5 


2ft.8 


87.1 


44.6 


26.3 


87.1 


1108 


ftl.8 


61 8 








67.2 


4. ft 


7.4 
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Table 116. — Losses in body-weight by diabetics — Continued. 



Caw No. 


(«) 
QrwtMt 
wcicht. 


(6) 

Wcichtat 

oar first 


t 

LoH in weight previous 


{e) 
1 Mimmam 
weight 
obaerved. 


Marimam loss ia weight. 


1 

(0 
Amooat 


Peroeat 


if) 
Amount 


Pereeat 


- 






(s-5). 


(c+«). 


1 


(•-e). 


(/+«). 


HIM. 


kOot. 


kUot. 




kUot. 


kUot, 




1109 


39.7 


39.1 


0.6 15 


39.1 


; 0.6 


1.6 


111 


116.2 


108.8 


7.4 


6.4 


107.7 


8.5 


7.3 


>112 


104.4 


82.6 


21.8 


20.9 


79.6 


24.8 


23.8 


113 


82.2 


82.4 


+ 0.2 


+ 0.2 


82.2 








114 


65.9 


56.1 


9.8 


14.9 


56.1 


9.8 


14.9 


1119 


32.0 


31.0 


1.0 3 1 


31 


1.0 


3.1 


120 


100.3 


856 


14.7 14.7 


79.7 


20.6 


30.5 


»121 


663 


39.2 


27.1 40.9 


38.4 


27.9 


48.1 


122 


86.7 


77.1 


9.6 11.1 


74.1 


12.6 


14.5 


124 


88.5 


73.4 


15.1 17 1 


73.4 


15.1 


17.1 


126 


82.2 


72.7 


95 1 11.6 


72.5 


9.7 


11.8 


<120 


15.2 


13.4 


18 


11.8 


12.9 


2.3 


15.1 


130 


70.4 


55.1 


15.3 


21 7 


1 55.1 


15.3 


21.7 


131 


102.6 


92.4 


10.3 


9.9 


i 80.4 


22.2 


21.6 


•132 


79.0 


61.8 


' 17.2 


21.8 


! 53.6 


25.4 


32.2 


>133 


90.3 


69.8 


20.5 


22 7 


! 65.9 


24.4 


27.0 


1134 


81.7 


58.6 


23.1 


28.3 


1 50.2 


31.5 


38.6 


U35 


58.6 


54.8 


3.8 


6.5 


33.1 


25.5 


43.5 


»137 


67.2 


51.0 


16.2 


24.1 


50.8 


16.4 


24.4 


1138 


61.8 


50.9 


10.9 


17.6 


50.9 


10 9 


17.6 


U39 


58.6 


52.2 


6.4 


10.9 


47.7 


i 10.9 


18.6 


1140 


1 77.6 


57.4 


20.2 


26.0 


574 


1 20.2 


26.0 


141 


102.6 


82.0 


1 206 


20.1 


81.7 


' 30.9 


20.4 


143 


62.7 


63.5 


! +0.8 


+ 1.3 


57.2 


> 5.5 


8.8 


1146 


76.7 


63.8 


12.9 


16.8 


54.1 


22.6 


29.5 


<146 


60.4 


49.8 


10.6 


17.6 


49.8 


10.6 


17.6 


1147 


79.9 


65.5 


14.4 


18.0 


1 61 


18.9 


23.7 


149 


1 53.1 


53.4 


+ 0.3 


+ 0.6 


1 534 


+ 0.3 


+ 0.6 


317 


90.7 


64.5 


26.2 


289 


62.3 


28.4 


31.3 


1320 


63.5 


58.3 


5.2 


8.2 


58.3 


5.2 


8.8 


321 


102.6 


88.2 


14.4 


14.0 


86.7 


15.9 


15.5 


•324 


64.0 


38.4 


25.6 


40.0 


38.4 


25.6 


40.0 


•325 


252 


20.3 


4.9 


19.4 


20.2 


5.0 


19.8 


326 


97.1 


78.7 


18.4 


19.0 


( 78.7 


18.4 


19.0 


327 


109.4 


90.7 


18.7 


17.1 


90.7 


18.7 


17.1 


•328 


92.2 


78.5 


13.7 


14.9 


68.8 


23.4 


25.4 


320 


102.6 


91.5 


11.1 


10.8 


1 85.1 


17.5 


17 1 


330 


54.1 


47.3 


6.9 


12.8 


47.2 


6.9 


12.8 


331 


87.2 


87.8 


+ 0.6 


+ 0.7 


69.0 


18.2 


20.9 


•332 


53.1 


39 7 


13.4 


25.2 


35.8 


17.3 


326 


333 


63.5 


61.1 


2.4 


3.8 


51.7 


11.8 


18.6 


337 


112.6 


82.2 


30.4 


27.0 


! 82.2 


30.4 


27.0 


339 


69.5 


59.3 


10.2 


14.7 


1 563 


13.2 


19.0 


•340 


76.7 


63.8 


12.9 


168 


63.8 


12.9 


16.8 


341 


64.0 


59.8 


4.2 


6.6 


596 


4.4 


69 


343 


99.9 


73.6 


26.3 


26.3 


736 


26.3 


26.3 


•344 


66.7 


60.5 


6.2 


9.3 


34.5 


32.2 


48.3 


345 


77.6 


63.8 


13.8 


17.8 


63.8 


13.8 


17.8 


1347 


68.6 


56.6 


13.0 


17.5 


56.6 


12.0 


17.6 


848 


73.1 


64.4 


8.7 


11.9 


64.4 


8.7 


11.9 


349 


79.9 


68.2 


11.7 


14.6 


66.2 


13.7 


17.1 


351 


82.2 


69.9 


12.3 


15.0 


69.9 


12.3 


15.0 


853 


86.7 


69.0 


17.7 


20.4 


67.8 


18.9 


21.8 


356 


98.1 


88.2 


9.9 


10.1 


87.0 


HI 


11.3 


1357 


95.8 


68.1 


27.7 


28.9 


68.1 


27.7 


28.9 


358 


102.6 


86.6 


16.0 


15.6 


86.6 


16.0 


15.6 


359 


70.8 


58.7 


12.1 


17.1 


58.7 


12.1 


17 1 


360 


84.9 


78.8 


6.1 


7.2 


75.7 


9.2 


10.8 


361 


68.6 


62.1 


6.5 


9.5 


60.4 


8.2 


12.0 


•364 


45.9 


43.4 


2.5 


54 


43.4 


2.5 


5.4 


865 


41.0 


40.9 


0.1 


0.2 


40.9 


0.1 


0.2 


366 


64.9 


61.7 


3.2 


4.9 


58.5 


6.4 


9.9 


367 


49.5 


41.4 


8.1 


16.4 


41.4 


8.1 


16.4 


•360 


104.9 


80.4 


24.5 


23.4 


80.4 


24.5 


234 


370 


654 


63.5 


1.9 


2.9 


63.5 


1.9 


8.9 


1372 


60.9 


50.7 


10.2 


16.7 


43.1 


17.8 


89.8 


376 


84.5 


59.1 


25.4 


30.1 


59.1 


25.4 


30.1 


377 


31.5 


31.0 


0.5 


1.6 


31.0 


0.5 


1.6 


878 


80.8 


61.7 


19.1 


28.6 


54 7 


26.1 


32.3 


379 


93.5 


75.8 


17.7 


189 


71.8 


21.7 


23.2 


•381 


71.3 


52.7 


18.5 


26.0 


50.6 


20.6 


28.9 


382 


44.1 


38.0 


6.1 


13.8 


38.0 


6.1 


13.8 


386 


84.5 


66.8 


17.7 


20.9 


66.8 


17.7 


30.9 


•387 


55.0 


44.8 


10.2 


18.5 


44.1 


10.9 


19.8 



•Dead. 
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Table 116. — Losses 


in hody-^weight by diabetics — Continued. 








(6) 

Wcichtat 

ourfint 

obaervBtioii. 


LcMi in weight previoiia 
to obaervatiop. 


{€) 


Mmrimmn loat in weight. 


CaaeNo. 


Qreatett 




Mimmam 
weight 
















weight. 


(c) 


W) 


obaerved. 


(/) 


« ^> 






AmooBt 


Percent 




Amount 


Per cent 








(•-6). 


(c+o). 




(o-e). 


(/+a). 




iOM. Htot. 


kaot. 




HIM. 


kilot. 




390 


69.0 65.4 


3.6 


5.2 


64.5 


4.5 


6.5 


391 


73.1 80.7 


+ 7.6 


+10.4 


80.7 


+ 7.6 


+10.4 


392 


84.0 ! 78.6 


5.4 


6.4 


70.8 


13.2 


15.7 


394 


77.6 1 63.6 


14.0 


18.0 


61.6 


160 


90.6 


«396 


93.5 82.5 


11.0 


11.8 


82.5 


11.0 


11.8 


396 


790 82.8 


+ 3.8 


+ 4.8 


82.8 


+ 3.8 


+ 4.8 


399 


80.8 64.3 


16.5 


20.4 


63.7 


17.1 


21.2 


400 


59.0 i 45.7 


13.3 


22.5 


40.9 


18.1 


30.7 


401 


45.9 45.2 


0.7 


1.5 


45.2 


0.7 


1.5 


402 


61.8 55.6 


6.2 


10.0 


46.5 


15.3 


24.8 1 


403 


83.1 64.2 


18.9 


22.7 


64.2 


189 


22.7 1 


405 


49.5 47.6 


1.9 


3.8 


46.4 


3.1 


6.3 1 


408 


82.2 I 55.0 


27.2 


33.1 


55.0 


27.2 


33.1 


409 


78.6 i n.6 


1.0 


1.3 


76.4 


2.2 


9.8 


411 


77.6 I 78.5 


+ 0.9 


+ 1.2 


78.5 


+ 0.9 


+ 1.2 ! 


413 


95.8 1 68.6 


273 


28.4 


68.6 


27.2 


284 


414 


53.4 1 43.6 


9.8 


18.4 


43.6 


9.8 


18.4 . 


490 


69.9 


63.8 


6.1 


8.7 


63.8 


6.1 


8.7 


421 


94.9 76.2 


18.7 


19.7 


76.2 


18.7 


19.7 


424 


79.9 • 63.8 


16.1 


20.2 


63.8 


16.1 


20.2 


428 


72.2 70.5 


1.7 


2.4 


70.5 


1.7 


2.4 


429 


96.1 


68.8 


29.3 


29.9 


68.8 


29.3 


29.9 


430 


72.2 


54.7 


17.5 


24.2 


51.3 


20.9 


289 


431 


75.4 1 69.5 


5.9 


7.8 


69.2 


6.3 


82 


432 


98.1 80.4 


17 7 


18.0 


80.4 


17.7 


180 


433 


65.4 


46.4 


19.0 


29.1 


41.4 


24.0 


36.7 


434 


20.2 


18.7 


1.5 


7.4 


18.7 


1.5 


7.4 


435 


68.6 


565 


12.1 


17.6 


56.5 


12.1 


17.6 


436 


67.7 


65.2 


2.5 


3.7 


63.0 


4.7 


6.9 


439 


58.6 


45.6 


13 


22.2 


45.6 


13.0 


92.2 


440 


73.1 


57.2 


15.9 


21.8 


54.9 


18.2 


24.9 


442 


55.0 


58.4 


+ 3.4 


+ 6.2 


584 


+ 8.4 


+ 6.2 


443 


92.2 


78.4 


13.8 


15.0 


78.4 


13.8 


15.0 


444 


70.8 


61 4 


9.4 


133 


61.4 


9.4 


13.3 


445 


92.2 


86.1 


6.1 


6.6 


86.1 


6.1 


6.6 


447 


69.9 


70.7 


+ 08 


+ 11 


70.7 


+ 0.8 


+ 1.1 


448 


68.6 


55.7 


12.9 


18.8 


55.7 


129 


18.8 


449 


66.6 


53.2 


15.4 


22.5 


498 


18.8 


27.4 


450 


85.4 


83.4 


2.0 


23 


79.7 


5.7 


6.7 


451 


76.3 44.1 


32.2 


42.2 


41.5 


34.8 


456 


452 


48.2 40.4 


7.8 


16.2 


354 


12.8 


26.6 


453 


86.7 


61.8 


24.9 


28.7 


58.6 


28 1 


82.4 


454 


98.5 


65.5 


28.0 


29.9 


61.6 


31.9 


84.1 


455 


99.0 


96.8 


2.2 


2.2 


96.2 


2.8 


2.8 


456 


77.6 


65.4 


12.2 


15.7 


65.4 


12.2 


15.7 


457 


71.8 


69.7 


2.1 


2.9 


61.9 


99 


13.8 


450 


75.4 


71.8 


3.6 


4.8 


71.8 


3.6 


4.8 


462 


99.4 


100.8 


+ 1.4 


+ 1.4 


96.5 


2.9 


2.9 


464 


84.5 


61.9 


22.6 


26.7 


61.9 


22.6 


26.7 


466 


67.2 


67.3 


+ 0.1 


+ 0.1 


67.3 


+ 0.1 


+ 0.1 


467 


73.1 64.8 


8.3 


11.4 


64.0 


9.1 


12.4 


469 


66.3 


53.7 


12.6 


19.0 


53.7 


12 6 


19.0 


472 


63.1 


54.1 


9.0 


14.3 


51.7 


11.4 


18.1 


473 


77.6 


58.5 


19.1 


24.6 


58.5 


19.1 


24.6 



>Deed. 

which is due ahnost exclusively to a loss of water and may result from a dietetic 
alteration involving the withdrawal of carbohydrates from the body in an 
effort to make the patient sugar-free; second, a persistent and regular loss in 
body-weight covering a period of several months, which is due to a deficient 
energy supply caused by non-assimilation and an insufficient oxidation of food. 
The case is furthermore somewhat complicated by the fact that the ingestion 
of sodium bicarbonate may actually produce a gain in body-weight which is 
obviously due to stored water; indeed, we have still another complication in the 
fact that the influence of the retention of sodium chloride in edema may become 
marked, particularly in cases of diabetes, with defective action of the kidneyB. 
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It is safe to say, therefore, that sudden and rapid fluctuations in body-weight 
of several pounds may invariably be ascribed to changes in the water-content 
of the body. Persistent and regular losses in body-weight may be logically 
considered as conclusive evidence of insufl&cient available calories in the diet. 
This insufficiency may be due to a non-assimilation of carbohydrates, or to a 
defective oxidation of fat resulting in the formation of j8-oxybutyric and allied 
acids. In any event, such a persistent and regular loss shows that the patient 
is not getting sufficient food for daily maintenance and drafts are being made 
upon body-material to supply the deficiency. 

Nitrogen Excretion of Diabetics without Food. 

Inasmuch as certain forms of artificially induced diabetes, such, for 
example, as pancreatic diabetes in dogs, are accompanied by an increase in the 
total disintegration of nitrogenous tissue, it is of interest to note to what extent 
nitrogenous material is broken down and excreted in the body of severe dia- 
betics when food is not being taken. Accordingly, during the period of every 
experiment without food, the urine was collected usually from the first hour of 
rising in the morning until the end of the experimental period some time in the 
middle of the forenoon or later. This sample of urine, which thus represented 
the urine excreted during the experimental period, was analyzed both for nitro- 
gen and for sugar, and it is evident that the total excretion of nitrogen here may 
be taken as a measure of the normal excretion of nitrogen of the individual 
when not actively engaged in processes of digestion. 

The determinations of the nitrogen on the basis of milligrams per hour per 
kilogram of body-weight are given for all the later experiments in table 117. 
The average value is 8.4 mg. per kilogram per hour. In the first series of 
experiments, the average for all cases was 9.4 mg. per hour. The average for 
all the experiments from 1908 to 1912 gave, with diabetics both light and severe, 
8.9 mg. of nitrogen per kilogram of body-weight per hour. 

In the earlier publication the average for the relatively few normal sub- 
jects there used gave 6.85 mg. of nitrogen per hour, and it was explained that 
the difference between the normal value and that found with diabetics could 
not by any means explain the enormous increase in metabolism found with 
these subjects. Since this time a large number of other individuals have been 
studied and the results obtained with 14 of these, which are given in table 118, 
show on the average a nitrogen excretion of 6.8 mg. per hour per kilogram of 
body-weight, a value identical with that given in the earlier report. 

As an examination of the various charts will show, the diabetic subjects 
were not given excessively rich nitrogenous diets, nor, indeed, was the total 
nitrogen in the urine excessively large in any case. In conformity with the 
advice of Cantani, Naimyn, and others, we have purposely kept our patients 
upon a low-protein diet. This has been done hoping thereby to render the 
task more simple of keeping the urine free from sugar, or at least of keeping the 
sugar at a low level. The low protein was prescribed not because of the pre- 
formed sugar in the protein molecules, but because of the tendency for sugar to 
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Tabub 117. — Nitrogen excretion of diabetica per kilogram of body-weight per hour in periods 

triUunUfood, 1910-1911. 



Dttte. 



Omo H.- 
Apr. 



1. 1910. 



Gteel: 

Feb. 28.1911. 

GteeM: 

Aug. 17, 1910. 



OmoN: 
Deo. 
Dee. 
Dee. 
Dee. 



1. 1910. 

3, 1910. 

5. 1910. 

7, 1910. 
Deo. 10. 1910. 
Deo. 12. 1910. 
Dec. 14, 1910. 



OueO: 

Sept. 22, 1910. , 
Sept. 23. 1910. . 
Sept. 24, 19101. 



Average. 



CaeeP: 

Sept. 25. 1911.. 
Sept. 29. 1911.. 
Oct. 9.1911.. 
Oct. 10. 1911 s. 
Oct. 16.1911.. 



Average. 



CaaeQ: 

Nov. 19, 1910. 
Nov. 23, 1910. 



Hours. 


MilU. 
grams. 


6 


8.4 


4 


9.5 


8 


6.4 


4 


10.4 


4 


8.7 


4 


15.7 


4 


13.7 


4 


10.7 


4 


13.2 


4 


12.1 


• • 


12.1 


8 


6.9 


2 


9.5 


5 


4.2 


• • 


6.9 


8 


12.9 


3 


9.2 


2 


10.4 


2 


10.5 


3 


16.4 


• • 


11 9 



Date. 



CaseR: 

May 12, 1911. 

OmoS: 

May 18,1910. 

CaseT: 

Feb. 14.1911. 
Feb. 16. 1911 . 



Average. 



CaseU: 

May 36,1910.. 
' Mar. 31.1911.. 
Apr. 2, 1911 . 
Jane 2.1911.. 
Jane 2-3. 1911* 



4 
4 



8.7 
3.7 



6.2 



CaseW: 

May 13,1910. 
May 24,1910. 



Average. 



CaseX: 

Feb. 28. 1910. 
Mar. 1. 1910. 
Mar. 17.1910. 



EUmub, 



3 



4 

1 



8 
4 

3 
3 
8 



8 
3 



5 
5 
6 



Average 



Total average of experiments 
1910-1911 

Average of experiments 1908- 
1910 

Average of experiments 1908- 
1911 



MiUi. 



11.6 



5.5 



8.3 
9.5 



8.9 



56 

8.8 

9.8 

10.1 

5.7 



7.9 



4.9 
3.5 



4.2 



10.8 

11.5 

7.0 



9.8 

8.4 
9.4 
8.9 



1 Nitrogen excreted between 2^ 15°* and 7^ 0(P a.m. 

* Nitrogen excreted between h^ASP^ and 7" 58™ a.m. 

* Nitrogen excreted between 10** 3(P p.m., Joae 2, and 6" 25™ a.m., Jane 3. 

Tabls 118. — Nitrogen excretion of normal subjects per kilogram per hour 

in perioas without food. 



Sabieet. 


Body. 

weight 
(witboat 
clothing). 


No. of 

• 

expen- 
meots. 


Average 
nitroi^en 
excretion. 


Sabieet. 


Body- 

wdght 

(withoat 

clothing). 


No. of 
experi- 
ments. 


Average 
nitro^ 
excretion. 


F.G.B 

J. R 


kilot, 
82.5 
70.6 
66.3 
64.6 
63.4 
60.5 
60.4 


1 
2 
2 
14 
1 
6 
6 


mg. 
6.7 
6.2 
4.8 
5.7 
87 
7.5 
8.9 


H. L. H 

H.F.T 

Dr. S 


Mm. 
59.6 
58.6 
58.5 
58.1 
56.4 
54.5 
47.7 


8 
3 


mg. 
7.9 
7.2 
5 6 
8.6 
4.9 
6.0 
6.2 


Dr.H 

J. J. G 

D. M 


D.J.M 

A.G.E 

V.G 


r, M. H ...... 

L.E E 


T.M.C 



be formed from the amino-acid radicles in the protein. It was also felt unwise 
to increase still further the metabolism, which was already high because of the 
disease itself. Finally, from a prophylactic point of view, it appeared advisa- 
ble to spare the overburdened kidneys. On the other hand, we have not 
attempted to prescribe an ^ccessively low-protein intake, because in an earlier 
case this was done and apparently with harm to the patient. It would be most 
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desirable to control the clinical experience of Cantani, Naunyn, von Noorden, 
and others by experiments upon diabetics with a low-protein and with a high- 
protein intake, and this we hope at some time to do. 

It is important in this connection to note that the protein metabolism of 
these diabetics was not abnormally great, and hence we have not here to deal 
with anything approximating an excessive specific dynamic action due to the 
disintegration of body protein as a result of the disease. 

Gaseous Metabousm 
carbon dioxide excretion in diabetes. 

The earliest factor in the gaseous metabolism of diabetic patients to be 
quantitatively measured was the carbon-dioxide production, and this was 
determined by the Pettenkofer-Voit chamber with great accuracy. The same 
type of apparatus was used even as late as 1910 by Dubois and Veeder under 
the direction of Brugsch. As was pointed out in our earlier report, the rela- 
tionship between the carbon-dioxide excretion and the heat production was 
so accurately established by our experiments with the calorimeters that the 
carbon-dioxide measurement acquired thereby a new significance. 

In discussing the carbon-dioxide production of diabetics in this report, it 
seems desirable to present again the observations previously reported,^ but in 
this instance emphasizing the average carbon-dioxide production not of all 
cases, but only of such as were classified as severe. These data are given in 
table 119, in which the carbon-dioxide production of diabetics in experiments 
without food is expressed as cubic centimeters per kilogram of body-weight per 
minute. In the earlier investigations, the chair calorimeter, the bed calorim- 
eter, and the respiration apparatus were used about equally, the variations 
in the carbon-dioxide production as measured on these different forms of 
apparatus being shown in the table. As was previously pointed out, the 
carbon-dioxide production as determined with the bed calorimeter and the 
respiration apparatus was essentially the same, not only with the single indi- 
viduals but with the group of individuals. On the other hand, with the chair 
calorimeter there was a considerable increase in the carbon-dioxide production 
incidental to the increase in muscular tonus because the subjects were sitting 
up and showed greater activity in general when inside the chair calorimeter. 
The values for the moderately severe and light cases of diabetes, although 
included in table 119, do not need special discussion. The particularly low 
value found for Case M is obviously influenced by the great body-weight of 
this subject, who was distinctly fat. On the average, therefore, with severe 
diabetics, the carbon-dioxide excretion per kilogram of body-weight amounted 
to 3.53 c.c. per minute of carbon-dioxide with the chair calorimeter, 3.15 c.c. 
with the bed calorimeter, and 3.18 c.c. with the respiration apparatus. The 
increase of approximately 10 per cent in metabolism noted in experiments with 
the chair calorimeter over that in experiments with the bed calorimeter and 

'Benedict and Joslin, loc. cU., p. 176. 
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the respiration apparatus is fully in conformity with the increased metabolism 
noted with normal individuals when changing from a lying to a sitting position.^ 
In the later investigation the subdivision of experiments is almost exclu- 
sively between the bed calorimeter and the respiration apparatus, there being 
but one set of experiments made with the chair calorimeter. The results for 
all the cases are given in table 120. Special attention is drawn to the average 
earbon-dioxide excretion of the severe cases. Unlike the results given in the 
earlier report, the experiments with the bed calorimeter apparently show a con- 
siderably higher average value than does the respiration apparatus, t. e., 3.64 
c.c. against 3.24 c.c. A close inspection of the figures shows, however, that the 
value for the bed calorimeter is distinctly affected by the abnormally high 
values of Cases I and N. It is also due to the fact that in practically no case 

Tabub 119. — Carbon dioxide eUminaUd per kilogram of body-weight per mmiite by diabetiicB in 

experimerUs without food, 1908-1910. 



Sabjeet. 


Cluur ealorimeter. 


Bedoa] 


lotimeti 


BT. 


R«pirmticMi apparatoi. 


Cbrboo dicnide 
eamiaftted. 


Atbt- 


Cbrboo dknddo 
eUminatad. 


Atw- 


Carboo diodde 
eUmiaatad. 


Atw- 


CaaeA 


8.88 8.05 8.28 
3.87 8.82 8.20 
8.48 8.03 8.20 

•••■ •••• •••• 

8.16 8.22 8.14 
8.22 8.18 8.03 
8.14 8.24 

•••• •••• •••• 

8.40 8.18 .... 

V* wV •••• •••• 

•••• •••• •••• 

•••• •••• •••• 

4.82 4.81 .... 

W* 99 •••• •••• 

• ••• •••• •••• 

9 ■ lU •••• •••• 

8.68 8.42 8.40 
8.42 

2.41 2.82 .... 

•••• ••■• •••• 


ex, 
8.28 

• • • • 

8.16 

• • • • 

3.20 
8.44 

■ • • • 

• • • • 

4.82 
8.72 


8.22 .... 

8.28 .... 
2.06 .... 

•••• •••• 

•••• •••• 

•••• •••• 

8.22 .... 
8.24 8.08 
8.14 8.10 

•••• •••■ 

•••• «••• 

•••• «••• 
•••• •••• 

8*v4 • • • • 

2.67 .... 


• • • • 

• • ■ • 

• • • « 

• • • • 

• • • • 

• • • • 
■ « • • 

2.04 

• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

• • • • 


ex, 
8.22 

8.28 

2.06 

• • • • 

• • • • 

• • • • 

8.22 
8.12 

• • • • 

• • « • 


• • • • 

8.04 
2.70 
2.82 
8.21 
2.87 
8.26 

• • • • 

• • • ■ 

• • • • 

8.04 

• • • • 

4.02 

• • • • 

2.84 

■ • • • 

• • • • 

• • « • 


•••« «•«• •••• 

2.00 2.00 8.17 
2.78 2.80 2.00 
2.78 8.88 8.04 
2.02 2.88 2.86 

8.00 8.00 .... 

•••• •■•• ••«• 

•••• •••• •••• 

•••« •••• •••« 

•••• «••« •••• 

•••• •••• •■•• 

8.00 8.48 .... 

•••• •••• •••• 

«••« •••• •«•• 
«••• «••• •••• 

•••• •••« •••• 

«••• ■••• •••• 


ce. 

• • « • 

8.06 
2.00 

8.11 

• • • • 

• • • • 

• • • • 

8.04 

• • • • 

8.82 


B 

c 


D 

E 


p 


G 

H 

I 


J 


At. wwa omm 
LithiiUbelM. 
CtbK 


8.68 

8.10 
8.40 

2.87 


8.10 


8.18 


• • • • 

8.44 

2.67 


2.84 

• • • • 

• • > • 


L 


H 


At. light eaaet.. 


2.08 


8.00 


2.84 



were experiments made simultaneously with the bed calorimeter and the respi- 
ration apparatus. The only exception to this is Case U, where the value of 3.88 ' 
c.c. with the bed calorimeter does not differ widely from that found with the 
respiration apparatus, namely, 3.79 c.c. It should be noted that these averages 
neither represent an equal number of experiments nor comparison experiments 
with the same subject in the two different forms of apparatus, and consequently 
do not in any way vitiate the conclusion drawn from the earlier experiments 
that the carbon-dioxide production with the same individual is essentially the 
same whether he is in the bed calorimeter or lying on the respiration apparatus. 
Of the moderately severe and light cases. Case M was studied both with the bed 
calorimeter and the respiration apparatus, giving essentially the same results. 



'Emmes and Riche, Am. Joum. Fhjrsiol., 1911, 27, p. 406. 
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The somewhat higher value found with the chair calorimeter for Case X over 
that found with the respiration ^paratus is again accounted for by the natural 
influence of change in position and muscular tonus incidental to sitting up. 
For the purpose of seciunng average figiu*es, the carbon-dioxide produc- 
tion of all diabetic subjects thus far studied by us with the chair calorimeter^ 
bed calorimeter, and respiration apparatus has been coUected, averaged, and 
presented in table 121. On inspecting the average values for the severe cases 
it is again seen that the results are somewhat complicated by the fact that in 
the first place the same nimiber of individuals were not studied with all three 
different forms of apparatus. Secondly, the values found with Case I in the 
chair calorimeter were obtained nearly a year prior to those found with the 
same case in the bed calorimeter, during which time the disease had pro- 
gressed and the subject was in a much more critical state and with an essen- 

Tabub 120. — Carbon dioxide eliminated per kiloffram qf body-^weight per minute by diabeiice in 

experiments urithout food, 1910-1911, 



Svbject. 


Chair calorimet 


•r. 

Aver- 
age. 


Bed oalorimeto*. 


Respiration apparatus. 


Carbon dioxide 
eliminatod. 


Carbon dioxide 
eliminatod. 
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Carbon dioxido 
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Senre diabetet, 
CtmA 




C.C, 

.... 

* • • • 


3.'6i '.'.'.'. '.'.'.'. '.'.'.'. 

4.33 



4!28 3!97 3!97 4!68 
4.47 4.10 3.92 

3.42 3.29 

3.51 

3!32 3!28 '.'.'.'. '.'.'.'. 
3.88 

2.29 


ex. 

zM 

4.33 

■ • ■ • 

• • ■ • 

4.11 
.... 

• • ■ a 

3.38 
3.51 

3^29 
3.88 
.... 


2.89 

3.27 3^29 3!36 '.'.'.'. 
3.08 

3.14 3.15 2.89 .... 
3.69 3.68 8.67 3.96 
3.73 

2!64 '.'.'.'. '.'.'.'. '.'.'.'. 

Z.76 Zri 8!79 3!88 
3.42> 

•••• •••• •••• ••>• 

2.41 

2.78 2.72 

2.82 


ex. 
2.89 

• • • • 

• • • • 

3.31 
3.08 

• • • • 

3.06 
3.75 

• ■ • ■ 

2.64 

879 
3.42 


H 




I 




K 




L 




N 









P 




Q 




R...:::::::::: 




8 




T 




U 




V 




Ay. levOTe cases. 

ModeraUlw aevere and 
light didheU*. 

GbwM 




• • • • 


864 


8.24 


• • ■ • 

• • • • 

3.24 


2.29 

• • • • 

• • • • 


2.41 
2.75 
2 82 


W 




X 


3.53 3.25 2.93 !... 


Av. moderately 
severe and 
lUcht oaaee. . . . 


3.24 


2.29 


266 







> At 6^ 45™ a.m. the snbjeet ate a licht breakfast oonsistinc of a 2-ecg omelet and a cop of oofFee. The experimsBt 
besan at V^ 22P> a.m., the last penod ending at 11° 1(P a.m. 

tially higher metabolism, although with considerably less extraneous muscular 
activity. Probably an average of the results obtained with the bed calo- 
rimeter and the respiration apparatus will represent more nearly the grand aver- 
age of the carbon-dioxide production of subjects with severe diabetes lying 
quietly at rest. This average value, 3.33 c.c. per kilogram of body-weight, 
may be taken therefore as the average carbon-dioxide production of subjects 
with severe diabetes. The number of cases of moderately severe and Ught 
diabetes are too few from which to draw any general deductions, although a 
distinct tendency is shown for the carbon dioxide to be somewhat lower in 
these cases. 
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Table 121. — Average carbon dioxide eliminated per kilogram of hody-vteighi per nvintUe by 

diabetics in experiments wiUunUfood, 1908-191 L 
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rimeter. 
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4.11 

• • t • 

• • • ■ 

3.30 
3.51 

• « ■ • 

3.29 


ex. 
2.89 
3.05 
2.90 
3.11 

• ■ • • 

• • • • 

• • • • 

3.04 

• • • • 

8.48 
3.31 
3.08 

• » • • 

3.00 
8.75 

• • • • 

• • 4 • 

2.04 

a • ■ • 


Septre tfta6e<et— Coo. 
CaaeU 


ex, 

• ■ • • 

■ • • • 


e.c. 
8.88 

a • • • 


ex. 

8.79 

3.42 


B 


• « 

3. 

3! 
3. 

• ■ 

4. 

3. 

• 1 

• a 

• i 

• 
• 
• 
• 
■ 


• • 

16 

29 
44 

• • 

• • 
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H 
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J^ 
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lAokt diabeU: 

CtmM. 


R 


3.27 


2.44 


2.80 


s 


T 






2.37 


2.43 


2 41 













OXYGEN CONSUMPTION IN DIABETES. 

The quantitative measurement of the oxygen consumption of diabetics has 
been attempted only by means of the Zuntz-Geppert apparatus,^ by Weintraud 
and Laves with the Hoppe-Seyler apparatus,^ and by us' in our earlier investi- 
gations.* The difficulties incidental to the accurate determinations of the oxy- 
gen consumption have precluded a more general measurement. On the other 
hand, exact determinations of the oxygen used by the subject have greater 
significance as an index of the calorific output of the body than have the deter- 
minations of the carbon-dioxide excretion, especially with normal individuals. 
With diabetics, as we have shown earlier, particularly with severe cases, the 
carbon-dioxide determinations, if accurately made, may be considered equally 
as good an index of the heat production as is the oxygen. Nevertheless it 
remains a fact that quantitative determinations of oxygen have a special sig- 
nificance and are of unusual importance and interest. Since especial emphasis 
is laid in this report upon the severity of diabetes, in connection with the dis- 
cussion of the metabolism during diabetes mellitus we have deemed it advis- 
able in table 122 to present again the oxygen determinations obtained in our 
earlier investigations, accentuating here the oxygen determinations found with 
the severe cases rather than the total average. 

«Leo (1891), StQve (1894), Nehring and SchmoU (1897), Magnus Levy (1905), Mohr 
(1907). 




Washington, 1910. 

« .. „ , made by Roily and by 

Leimddrfer of the orjrgen consumption of diabetics. Unfortunately these did not come to 
our attention until after this report had been sent to the printer, and therefore scant com- 
ment only is possible in the proof. Roily in Leipsic usea a modified Benedict respiration 
apparatus. See RoUy, Deutsch. Archiv f. klin Med., 1912. 105, p. 494. Leimddrfer in von 
Noorden's laboratory used the Zuntz-Geppert method. See Leimdorfer, Biochem. Ztschr.. 
1912, 40, p. 326. 
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The agreement between the results found with the bed calorimeter and 
those with the respiration apparatus is obvious, the greater increase noted with 
the chair calorimeter being explained in part by the fact that there is an actual 
increase in the metabolism due to the sitting up in the chair, and in part to the 
fact that the abnormally high values found with Cases I and J were not accom- 
panied by similar experiments with either the bed calorimeter or the respiration 
apparatus. From this earlier work, therefore, one can conclude that for sub- 
jects with severe diabetes, lying quietly, without food, there is approximately a 
consumption of 4.22 c.c. of oxygen per minute per kilogram of body-weight. 

Tabub 122. — Oxygen absorbed per kilogram of body-^weight per minute in experimenU with 

dioMics withatdfood, 1908-1910. 



1 

1 
Sabjeot. ; 


Chair calorimeter. 


Bed calorimeter. 


RMptration apfwratua. 


Oxy fen absorbed. 


Aver- 

CC. 

4.62 

• • • • 

• • • • 

4.46 

• • • ■ 

4.63 
4.66 

• • • • 

• • a • 

6.82 
6.01 


Oxygen abeorbed. 

— •^M .... .... 

.•.. .... .... 

— .»" .... .... 

— . Aw .... .... 

.... .... .... 

.... .... .... 

.... .... .... 

».oo .... .... 

4.34 3.88 3.63 
4.82 4.17 

•••• •••* •••• 

•••• •••• •*■• 

•••• •••• •••• 

•■■• •••• •••• 

«l*** •••• •••• 

w* AO •••• •••• 

•••• •••• •••• 


Atw- 
•9^ 


Oxygen absorbed. 


Avar- 


S€V€re diabde9. 
OiseA 


4.86 4.84 4.88 
4.02 4.86 4.60 
6.17 4.13 4.44 

•••• ■••■ •••• 

4.20 4.31 4 72 
4.80 4.66 4.08 
4.40 4.64 

•••• •••• •••• 

4.73 4.32 .... 

••^W •••• •••• 

•••• •••• •••• 

•••• •••• •••• 

6.66 6.06 .... 
o.Ol •••• •••• 

•••• •••• •••« 

» • w ••■• •••• 

4.66 4.68 4.64 

4.86 

3.00 3.20 .... 

•••• •••• •••• 


ex. 
4.22 

• • • • 

4.42 
4.16 

• • • • 

• • • • 

• • • • 

4.88 

4.07 

• • • • 

• • • « 


•••• ••■• •••• •••• 

•••• •••• •••• •••« 

4.27 4.04 4.81 4.47 

4.01 4.44 4.08 8.82 

4.23 8.08 4.86 4.28 

4.62 4.44 4.10 4.06 

4.14 

4.44 4.14 4.00 .... 

•«•« •••• •••• •••• 

••■• •••• •••• •••• 

•••■ •••• •••• •••• 

• • vO •••• •••• •••• 

•••• •••• •••• •••• 

■ •■• •••• ■••• •••4 

• ••• •••• •••■ •••• 

• a^^B •••• •••• •••• 

• ••• •••• ■••• •■•• 

• ••• •••• •■•• •••• 

• ••• •••• •■•• •••• 


cc. 

• • • • 

4.27 
4.23 

4.10 

• • « • 

• • • • 

• • • • 

4.03 

• • • • 

• • ■ ■ 


B 

c 


D 

E 

F 


G 

H 

I 


J 


At. wvert eaaet 
LiohiiwbtU: 

OkmK xw 


4.86 

4.06 
4.68 

8.16 


4.28 1 

• • • • 

4.41 
8.28 


4.18 

4.04 

• • • • 

• • • » 


L 


H 

Ar.UthtoMet.. 


3.01 


3.86 


4.04 



The later experiments were almost exclusively made with either the bed 
calorimeter or the respiration apparatus. The results obtained in these experi- 
ments are given in table 123 herewith. As was pointed out in our discussion 
of the carbon-dioxide consumption, the agreement between the average results 
found with the bed calorimeter and the respiration apparatus is not what 
would be expected, because the abnormally high values of subjects I and N 
as determined in the bed calorimeter are not accompanied by similar obser- 
vations on the same subject with the respiration apparatus. Likewise, the 
recent experiments differ from the earlier investigations chiefly in the fact that 
with practically no subject were experiments made with both the bed calo- 
rimeter and the respiration apparatus; therefore the comparison is obviously 
not as simple as it was in the earlier report. If we consider the average of the 
results found with the cases of severe diabetes in the bed calorimeter and on the 
respiration apparatus as representing the truest average, we may state that 
with these subjects lying quietly at rest without food, 4.73 c.c. of oxygen are 
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absorbed per kilogram of body-weight per minute. The paucity of experi- 
mental data with regard to light cases prevents any general deduction, although 
it is again obvious that there is on the average a much smaller oxygen con- 
sumption per kilogram of body-weight than with the severe cases. Finally, it 
should be noted that in the experiment with Case X, the value found with the 
chair calorimeter (4.17 c.c.) is higher than that found with the respiration 
apparatus (3.79 c.c.) and can be wholly explained by the difference in the mus- 
cular activity incidental to experiments in the chair calorimeter. 



Table 123. — Oxygen absorbed per kilogram of body-weighl per minute by diabeiica in ezperv- 

menu xvithout food, 1910-1911. 



Sabjeot. 
Com A 


Cbair oalorimeCer. 


Bsd ealorimetsr. 


Respiration apparatas. 


OzyfM absorbed. 


Aver- 
afls. 


OzyfM absorbed. 


Aver- 
aie. 


OzyfM absorbed. 


Aver- 
aie. 


ex. 


z.ii '.'.'.'. '.','.'. '.'.'.'. 

e.os 

ft!74 5.U i'M sVso 

5.88 6.71 5.64 

4.61 4.28 

4.W 

4!66 4!36 '.'.'.'. !'.'.'. 
2.93 


ee. 

• • • • 

8.97 
8.08 

• • • • 

• • • • 

6.67 

• • • ■ 

• • • • 

4.87 
4.i» 

• • • • 

4.61 

• • • ■ 

• • • • 


4.08 

4!82 4!67 4!77 .*.*;.* 
4.28 

4.28 4.44 4.01 .... 
6.20 5.24 5.40 6.00 
6.22 

8!«7 '.'.'.'. '.'.'.'. '.'.'.'. 

4!96 6!2i 6!i6 6!47 
4.72» 

3.21 

3.91 3.02 

3.79 


ex. 
4.06 

s • • • 

• • • • 

4.05 
4.28 

• • • • 

4.24 
6.84 

• • • • 

• • • • 

8.07 

• • • • 

6.20 
4.72 


H 




I 




K 




L 




N 




O 




P 




Q 




I..;:::::::.:: 




s 




T 




U 




V 




Av.serer* cases. 
CtMeU 




• • • • 

■ • • • 

• • • • 

4.17 


4.81 
2.03 

• • • • 

• • • ■ 


4.87 
8.21 

8.n 

8.79 


W 




X 


4.80 4.06 S.02 .... 


Av. modermtely 
seyere sad 
Kcht csBSs. . . . 


4.17 


2.93 


8.50 







lAt 0^45^a.m. the snbieet ate a Kght breakfast 
becan at 9* 22^^ a.m., the last period ending at 11 



_ of a 2'«tg omelet and a onp of coffee. The 
10^a.m. 



In table 124 are given the averages of the values found in both series of 
experiments with the different subjects and with the different forms of experi- 
mental apparatus, i. e., the bed calorimeter, chair calorimeter, and respiration 
apparatus, these showing that 4.85 c.c. of oxygen were absorbed and measured 
in the chair calorimeter, 4.66 c.c. with the bed calorimeter, and 4.41 c.c. with 
the respiration apparatus. Admitting that the chair-calorimeter results are 
affected somewhat by increased muscular activity incidental to experiments in 
this apparatus, we may average the results found in the bed calorimeter and the 
respiration apparatus and consider the average value of 4.54 c.c. per minute as 
the best average value for severe diabetics lying quietly at rest without food. 
The subjects with moderately severe and light diabetes have relatively less 
oxygen consumption under the same conditions, although in this discussion 
attention is particularly directed to the values found with the severe cases. 
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Tablb 124. — Average oxygen abeorbed per kilogram of body-^weight per minute in experimenU 

tpith diabeHce withoiUfood, 1908-1911. 



Sabjeot. 


Chair 
calori- 
meter. 


B«l 
calori- 
meter. 


RaspiratioB 
apparatus. 


Sabjeot. 


Chair 
oalori- 
meCer. 


Bed 
oakNi. 
meter. 


Respiratioii 
apparatus. 


CwnA 


ex. 
4.62 

• • • ■ 

4.45 

« • • • 

4.53 
4.66 

• • ■ • 

• • • • 

5.82 
5.01 

• ■ • ■ 

• ■ • • 

• • • • 

• • • • 

• • • • 

• • • • 
■ « • • 

• • • • 

• • • • 


e.e. 
4.22 
4.42 
4.15 

• • • • 

■ • • • 

• • • • 

4.38 
4.06 
6.03 

• • • ■ 

• • • • 

• • • • 

5.57 

• • ■ • 

• • • • 

4.87 
4.00 

■ • ■ • 

4.51 


ex. 
4.08 
4.27 
4.23 
4.10 

• • • • 

• • • • 

• • • • 

4.03 

• • • • 

4.54 
4.65 
4.23 

■ • • • 

4.24 
5.34 

• • • • 

• ■ • • 

3.67 

• • • • 


S€9tre HabtU^—Ofm. 

Caao TT 


ex. 

• • • • 

• • • • 


ex. 

• • • • 

• • • • 


e.e. 
5.20 
4.72 


B 


V 


c 


At. BOTece caeca. . 

Ar.alleipt8.with 
bed calorimeter 
and reepirataoB 
apparatus 

diabeU9. 

CaseK(lOOO) 

L(1009) 

W 
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D 


4.85 

• • • • 

4.06 
4.53 

• • • • 

4 17 


4.66 


4.41 


E 

F 


M MM 


G 


H 


I 


4.54 


i 


• • • • 

4.41 

• • • ■ 


4.04 

• ■ ■ • 

8.77 
3 79 


K(WIO) 

L(IMO) 

N 


O 

P 


iv;::::::::::: 
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severe cases. . . 

Light iiabete: 

GaseM 


4.25 


4.41 


8.87 


8 


T 




8.15 


8.11 
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RESPIRATORY QUOTIENT. 

The relationship between the volume of carbon dioxide produced and 
oxygen consumed f -r— j , the so-called respiratory quotient, has peculiar sig- 
nificance in interpreting the degree of severity in cases of diabetes. The accu- 
racy of this value depends upon the accuracy of both the determination of 
carbon dioxide and the determination of oxygen, and it can thus be seen that 
the respiratory quotient as such is a difficult matter to determine with great 
exactness. In the earlier report the respiratory quotient for all the cases of 
diabetes was considered in detail and in table 125 we have presented anew the 
earlier work, carefully distinguishing between the severe cases and the lighter 
cases. 

In recording the results for the respiratory quotient, it is unnecessary to 
consider separately those obtained with the three forms of apparatus, for there 
is no physical difference in the respiration in either the chair or the bed calori- 
meter, and obviously the character of the combustion and the material burned 
or metabolized will not be appreciably altered by dififerent body positions. On 
the other hand, it is reasonable to suppose that the carbon-dioxide production 
and oxygen consumption might indicate a difference in the character of the 
combustion, according to whether the subject breathed freely in the calori- 
meter, or whether he breathed into the nosepieces or mouthpiece of the respi- 
ration apparatus. Accordingly, in giving the results of the earlier experiments, 
the values obtained with the calorimeter are compared with those obtained 
with the respiration apparatus. It can be seen that the respiratory quotient 
in the severe cases of diabetes averages 0.74 with the calorimeter and 0.73 with 
the respiration apparatus. The fact that there are not an equal number of 
experiments made with the same subject on both apparatus complicates some- 
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what the comparison. Particularly is this true with subjects having light 
diabetes with whom an average quotient of 0.76 was obtained in the chair cal- 
orimeter, while apparently a quotient of 0.70 was found with the respiration 
apparatus. An examination of the figures shows, however, that the second 
value depends wholly upon a single experiment with Case K, and hence as an 
average value is very much to be questioned. The important thing to be 
emphasized here is the fact that there were no abnormal quotients found, 
although a single value of 0.64 was found with Case C and one of 0.66 with 
Case A. In general, however, none of the abnormally low quotients which 
have frequently been cited by earlier writers were found; at least there was no 
persistent evidence of an abnormal katabolism which such low quotients 
would indicate. 

Table 125. — Average respiratory quotierUe in experiments tnth diabetics without food, 

1908-1910. 



Subject 


Oakximeter. 


Respiration apparatos. 


Respiistory quotient. 


Atmtbco* 


Reepiratoiy quotient. 


Averace. 


8§9er§ 4iabd$9. 
CtmA 


0.75 0.75 0.74 0.7» 
0.66 0.72 0.71 0.66 
0.78 0.74 

"• f » •••• «■•• •••• 

0.75 0.75 0.67 0.69 
0.60 0.74 0.71 0.71 
0.72 

••«• •••• •••• •••• 

0.72 0.74 

w* # « •••« •••• •••■ 

"• 40 •••• •••■ •••• 

0.75 0.79 0.81 0.72 

0.76 

0.76 0.72 

"• f w •*•• •••• •••• 

•••• •••• •••« •••■ 

w* f V •••• •••• •••• 

0.78 0.75 0.75 0.78 

0.79 

0.78 0.78 0.72 .... 

•••• «••• •■•• •••• 


0.71 

0.74 
0.71 

• ■ • • 

0.73 
0.74 
0.78 

O.n 

0.74 
0.75 


0.71 0.75 0.70 

0.70 0.64 0.71 0.68 0.67 
0.71 0.69 0.71 0.71 0.66 
0.68 0.70 0.60 
0.73 0.74 0.75 

"• ■ V •••• •••• •••• •••• 

"••" •••• •■•• •••• •••• 


■ • • • 

0.72 
0.69 

0.74 

• • • • 

• • • • 

0.76 

• • • • 

• • • • 


B 


c 


D 

E 


F 


G 


H 


I 


J 


Av. wBren cases 

Ligkt4iabd$9. 
CaaeK 


0.74 

0.76 
0.77 

0.76 


0.73 


0.70 

• • ■ • 

• • • • 


L 


K 


AT.Ucht esses 


0.76 


0.70 



It should be pointed out again that the respiratory quotient is entirely 
independent of the total metabolism, and indicates only the character of the 
metabolism and not the total amount. When the body is subsisting chiefly 
upon carbohydrates, the respiratory quotient approximates 1. When it is 
subsisting chiefly upon fat, the respiratory quotient approximates 0.71. The 
quotients, therefore, here observed with severe diabetes indicate a combustion 
which is chiefly that of fat. Inasmuch as the relatively small amounts of 
protein burned tend to raise the quotient, we find the average values slightly 
above 0.71 rather than slightly below. 

The respiratory quotients for the new series of experiments are given in 
table 126. These quotients, which are classified as severe cases and moder* 
ately severe and light cases, indicate again a low respiratory quotient as the 
characteristic of severe diabetes, the average quotient found with the calori- 
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meter being 0.73 and with the respiration apparatus 0.72, values not appre- 
ciably different from those obtained in the earlier series. As a matter of fact, 
the lowest individual respiratory quotient found in the new series of experi- 
ments was the value 0.68 obtained with Case P in one experiment. 

The moderately severe and light cases are too few in nimiber for us to 
draw any deductions, but there is a tendency for the respiratory quotient to 
be somewhat higher with the light cases than with the severe, thus indicating a 
sHghtly higher combustion of carbohydrate. The low averages found with the 
severe cases indicate a combustion almost exclusively of fat, with a relatively 
small amount of protein and almost no carbohydrate combustion. This is 

Table 126. — Average respiratory quoHenU in experiments with diabetics without food, 

1910-1911. 



SdbieRt. 


Calorimeter. 

- 


Respiratioo apparatus. 


Respiratory quotient. 


Averace. 


Respiratory quotisBt. 


Ayeiace. 


Senn iiabeU9. 
CnwA 




• • • • 

0.76 
0.72 

• a ■ • 

• • • • 

0.74 

• • • • 

0.09 

O.n 

0.72 

• • • • 

0.78 
»0.73 

• • • • 


0.71 

6!7i 6!73 6!7i '.','.', '.'.'.'. \\'.'. 

0.73 

0.74 0.71 0.73 

0.70 0.70 0.68 0.710.71 .... 

6!73 '.;;! !!!! V.'.'. '.M '.'.'.'. 
6!76 6!7i 6.74 o.'ii .*.*;.* '.'.V, 

0.73» 

0.76 

0.72 0.76 

0.74 


0.71 

■ • • ■ 

• • • • 

0.72 
0.73 

• • • • 

0.72 
0.70 

• • • • 

• • • • 

0.73 

• • • • 

0.73 
0.73* 


H 


0.76 

0.72 


I 


K 


L 




N 


6!74 6.76 6.73 6.74 6.76 6.72 
0.71 


o 


P 

Q 


0.«0 

0.7«0.78 

0.72 


X.. .:::;::;::.;::;;: 


R 


T 


0.710.75 

0.731 


U 


V 


Ay. wyere oasM 

GbweM 


0.78 


0.73 
0.78 

• • • • 

0.78 


0.72 

0.75 
0.74 
0.74 


W 


X 


0.73 0.80 0.81 


Ay. moderately eeYore 
and Ught cases 


0.78 


0.74 



iThe^ respiratory qootient for this eiperiment was for the periods ll** bff^ p.m. to l** 27™ a.m. and 5'> 06°* to 
6^06™ •.m.. Jane 2-8. IWl. _ 

*At 6^45^ a.m. the subject ate a light breakfast consisting of a 2-egg omelet and a cup of coffee. Thempenment 
began at IP 22^^ a.m., the last penod ending at 11^ IQF a.m. 

fully in conformity with the very low carbohydrate supply in the bodies of dia- 
betics, and it is fully in accord with what theoretically would be predicted. 
Here again we find a complete absence of the abnormally low quotients fre- 
quently reported by earlier writers. 

In order to sum up the results of all the experiments thus far made, we 
have computed the respiratory quotients for each individual case both in the 
calorimeter and with the respiration apparatus when experiments with both 
apparatus had been made, and they are combined in table 127. It is seen that 
the average value with severe diabetes in both the calorimeter experiments 
and the respiration experiments was 0.73, although here again it should be 
pointed out that experiments on each individual were rarely performed with 
both apparatus. 
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It may be concluded, therefore, that with the subject lying quietly without 
food the respiratory quotient in cases of severe diabetes is 0.73; as pointed out 
in the earlier report, respiratory quotients carefully determined that indicate 
values higher than this are to be considered a favorable prognostic indication, 
and show a rather more liberal supply of carbohydrate material in the body 
than is usual in severe diabetes. 

The difficulties incidental to determining accurately the respiratory quo- 
tients are only too well known to experimenters, and hence it would be entirely 
incorrect to lay great stress upon individual figures in this series. The general 
tendency of all the quotients to approximate the value 0.73 is significant, as is 
likewise the absence of abnormally low quotients. 

Table 127. — Average re9piratory quotienia in experimenU wUh diabetica tvithtnU food, 

1908-1911. 



Subject. 



QumA 

B 

C 

D 

E 

F 

G 

H 

I 

i 

K (1910) 
L (1010). 

o'.'.W.W 

P 

S-.:::::: 

S 



QOori. 


RMpiretioii 


meter. 


appantiu. 

t 


0.71 


0.71 


0.74 


0.72 


0.71 


0.60 


• • • ■ 


0.74 


0.73 


• • • • 


0.74 


• • • • 


0.78 


■ • ■ • 


o.n 


0.76 


0.73 


« • • • 


0.75 


O.n 


• • • • 


0.72 


■ • • » 


0.73 


0.74 


• • • • 


• • • • 


0.72 


0.09 


0.70 


O.n 


• • • • 


0.72 


• • • ■ 


• • « • 


0.73 



Subject. 



CaeeT 

U 

V 

Av. ■even 

imbetet. 

Gb»eK(1900) 

L(1909) 

W 

X 
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■evere cams. . • . 

Ltgii iiabeteM, 

CawM 



QUoci- 
meter. 



O.n 



ReqtiratioQ 
apparatua. 



0.73 


• • • • 


0.73 


0.73 


• ■ • • 


0.73 


0.73 


O.n 


0.76 


0.70 


O.n 


• • • • 


• • • • 


0.74 


0.78 


0.74 


O.n 


0.73 



0.76 



INDIRECT CALORIMETRY. 

Although, as pointed out on page 12, the direct heat measurement in this 
series of experiments was unsatisfactory in a large majority of the cases, it 
is important to record that in one-third of the experiments in which accuracy 
in the heat measurements is assured, the relationships between the oxygen con- 
sumption, carbon-dioxide production, and heat production are essentially those 
recorded in the earlier publication. We have, therefore, no reason to change 
our belief that the calorific equivalents of carbon dioxide and oxygen are essen- 
tially as previously outlined, namely, 3.26 calories per gram of carbon dioxide 
and 3.31 calories per gram of oxygen. If, then, m experiments with subjects 
having severe diabetes, the carbon-dioxide production is accurately deter- 
mined, we believe that the heat production can be computed with considerable 
accuracy by multiplying the total carbon-dioxide production in grams by the 
factor 3.26. 

Usually, since the carbon-dioxide production is obtained with the subject 
absolutely quiet, lying in bed, it can be easily seen that the results obtained 
by this computation will represent the minimum heat production and not the 
average or maximum heat production. When the subject is sitting up it has 
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been shown that there is essentially an increased heat production amounting 
to 10 or 15 per cent.^ Walking and all muscular activity, also the partaking 
and the digestion of food, produce an increase in the heat production. The 
difference in heat production measured on the same subject in the chair calori- 
meter and in the bed calorimeter is further evidence of the difference in energy 
output. A careful record of daily routine, muscular activity, exposure to cold, 
etc., would be necessary for the intelligent computation of the total output of 
energy from the carbon-dioxide production. It is not outside the range of pos- 
sibilities that this factor may be of actual benefit in making a tentative compu- 
tation of the energy requirement in diabetes. That this carbon-dioxide pro- 
duction can be determined equally as well by the small respiration apparatus 
as with the large respiration calorimeter has, we think, been fairly demon- 
strated, and we may conclude from this research that, although calorimetric 
measurements are highly important and desirable if possible, in severe dia- 
betes a measurement of the carbon-dioxide production alone, or still better 
a measure of the oxygen consumption, will give the means for computing 
with great accuracy the heat production of the individual while lying quietly 
at rest. 

COMPOSITION OF THE ALVEOLAR AIR OF DIABETICS. 

The carbon-dioxide tension of the alveolar air has come to be regarded as 
an excellent index of the degree of acidosis by reason of the interesting obser- 
vations of Beddard, Pembrey and Spriggs^ and the confirmatory work of 
Porges, Leimdorfer and Markovici.* The presence of acids in the blood causes 
the respiratory center to respond to a smaller tension of carbon dioxide in the 
blood; as the carbon-dioxide tension in the alveolar. air bears a direct relation 
to that in the blood, it is evident that a low alveolar carbon-dioxide tension 
indicates an acidosis. The alveolar carbon dioxide in normal individuals varies 
from about 36 to 46 mm. tension of mercury as found by the Haldane method;* 
according to results obtained by the Plesch method* it is about 10 to 15 per 
cent higher. 

The best method for determining the alveolar air has not yet been thor- 
oughly established. Both the Haldane and Plesch methods involve good gas 
analysis technique and not a little cooperation on the part of the subject. 

Alveolar air determinations were made on three of the subjects, N, Q, and 
I, and are interesting as showing the presence and degree of acidosis. The 
observations made with Cases N and Q were by the Haldane method; those 
with Case I were by the Plesch method. The results obtained with Case N 
are given in table 128. 

'Emmes and Riche, Am. Joum. Physiol., 1911, 17, p. 406. 

^Beddard, Pembrey and Spriggs, Joum. Physiol., 37, Proceedings Physiol. Soc., 1908, 

p. xxxix. 
'Porges, Leimddrfer and Markovici, Zeitschr. f. klin. Med., 1911, 73, p. 389. 
^Haldane and Priestly, Joum. Ph3rsiol., 1905, 32, p. 225. 
*Plesch, Zeitschr. f . Kxp. Pathol, u. Ther., 1909, 6, p. 380. The Plesch method, in fact, 

gives the carbon-dioxide tension of the venous blood, but we have foimd that this 

value b^trs a proportional relation to the alveolar air. 
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On several occasions observations were also made with this case of the 
rate of respiration, and the total ventilation of the lungs, the results being 
included in the table. Two observations were likewise made of the blood- 
pressure (Riva Rocci), one at 7** 30" a. m. December 12, and the second at 
7** 10™ a. m. December 14; both gave a result of 90 mm. It will be seen that 
on December 10, when the alveolar carbon-dioxide tension was lower and pre- 
sumably the acidosis greater than on December 14, there was also an increased 
ventilation of the lungs. The respiration rate, however, did not vary with the 
alveolar air or with the ventilation of the lungs. 

Table 128. — DeUrminations made on alveolar air triUi Case N. 



Date. 


Time. 


Teofliooof— 


Date. 


Time. 


Teonon 

of 
carbon 
dioxide. 


Ventilation 
of lunsa, 
tiinere> 


Reepi- 
ration 










Carbon 
dionde. 


Oxyceo. 






quired for 
10 HterB.1 


per 
minate. 


1910. 




it%Wtm 


fiifii. 


1010. 










D«>.1 
Dee. 2 


Alter eipt. 10^ 2tF^ a.m. 
[ Before eipt., 8 a.m 


1 
■ 


17.4 
16.7 
16.4 


122.3 
123.8 
126.6 


Deo.lO 


Before expt.i 
7«»2(Pa.m. 
7 80 a.m. 


/18.6 
\18.0 

• • • • 


... 

• • • 

78 


• • 

• • 

10 


After eipt., 11^ 16™ a.m. 


• 


122.1 
121.7 


110.2 ' 




7 81 a.m. 


• • « • 

• • • • 


76 
73 


19 
18 


Deo. 3 Before opt., 7** 16°* a.m. 
Alter eipt.. 10^ 3(Pa.m. 


[26.6 

\25.3 
;27.2 
126.8 


• • • • • 

118.3 

• • ■ • • 




Alter expt.: 
10*60"a.m. 


/18.0 
\17.3 


• • • 

• ■ ■ 

75 


• • 

• • 

22 


Deo. 6 Before ezpt., 7^ 2(Pa.in. 


22.2 
24.2 


122.0 
117.7 




11 01 a.iD. 


• • • • 


68 
76 


22 
22 


Deo. 7 


Alter espt.. 10^45^ a.m. 
Before ezpt., 7** 16™ a.m. 


/28.6 

\24.1 
/19.7 
\18.3 


122.4 
120.1 


Deo. 12 


Before expt.: 
7"» 16™ a.m. 
7 22 a.m. 


/28.6 
\26.0 

• • • • 


• ■ • 

• • • 

111 


• • 

• • 

10 




Alter eipt., 10^40™ ».m. 


22.1 

121.1 






7 26 a.m. 
Alter expt.: 

10^60P»a.m. 

11 00 a.m. 
11 01 a.in. 
11 02 a.m. 


• • • • 

• ■ • • 

/28.0 
\28.0 

• • • • 

• • • • 

• • • • 


110 
117 

• • • 
« ■ • 

106 
121 
«76 


18 
16 

• • 

22 
23 
21 










Dec. 14 


11 06 a.m. 
Before expt.: 


• • • • 

• • • • 


• • • 

• • • 


22 
10 












7 16 a.m. 


/24.0 
\25.4 


• • • 

• • « 


• • 












7 26 a.m. 
Alter expt.: 

10 61 a.m. 
10 64 a.m. 


• • • • 

• • • • 

/260 
\26.i 

• • • • 

• • • • 


100 
112 

• • • 

• • • 

120 
141 


16 
18 

• • 

18 
14 














• • • • 


>64 


• • 



'At room temperature and i>b«er v«h1 LMiroiueUic prtuMu-e. > Tuue required tor 6 liters. 

On each of the four experimental days with Case Q, the carbon-dioxide 
tension of the alveolar air was determined after the respiration experiments. 
The results are given in table 129. On November 19 the subject had taken no 
breakfast previous to the experiment, but the two experiments on November 
21 and 22 followed an oatmeal breakfast, while that on November 23, although 
the subject was without breakfast, followed two oatmeal days. It is interest- 
ing to note that the carbon-dioxide tension is very much lower on the 19th than 
it is on the 23d, indicating a greater acidosis on the former day ; the experi- 
mental evidence also shows that the metabolism was considerably higher on 
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the 19th than it was on the 23d after the two oatmeal days. Further reference 
will be made to these two days in the discussion of the question of the relation- 
ship between the acidosis and the severity of the diabetes and intensity of the 
metabolism. 

Table 129. — Detenmnatians made on alveolar air with Case Q. 



Date. 


Diet previdM to 
e^Mriment. 


Carbo- 
hydrates 
ia diet on 
day pre- 
cedinK. 


Time. 


Tension of— 


Oarbon 
dioxide. 


Oxygen. 


1010. 
Nov. 10 

Nov. 21 

Nov. 22 

Nov. 28 


Without breakfast. . . 

Oatmeal breakfart... 

Oatmeal breakfast. . 

Without breakfast, 
following 2 oat- 
meal days. 


gmt. 
55 

65 

165 

165 


After experiment 

After experiment 

After experiment 

After experiment 


/30.6 
132. 
/34.6 
\20.5 
/35.8 
180.7 
/40.3 
\40.2 


lit fa. 
108.7 

'04!7 

• • • • • 



During the short sojourn of Case I at the hospital in February 1912, when 
he was in a very critical condition and coma was impending, a number of obser- 
vations were made on the carbon-dioxide tension of the alveolar air in which 
the subject breathed the same air several times in and out of a rubber bag. In 
these experiments the subject first inspired 600 c.c. of air, breathing it back 

Table 130. — DetemdnaHans made on alveolar air with Case I. 



Date and time. 



Feb. U. 1012: 

ll"07"a.m 

11 15 a.m 

11 80 a.m 

11 40 a.m 

11 47 a.m 

2 34 p.m 

2 80 p.m 

2 50 p.m 

2 53 p.m 

2 58 p.m 

Feb. 15. 1012: 

8"03"a.m 

8 10 a.m 

8 20 a.m 

8 85 a.m 

8 47 a.m 

8 48 a.m 

00 a.m 

5 00 p. m. about 



Tension 

of carbon 

dioxide. 


Pulse per 
minute. 


Respira- 
tion per 
minute. 


tnin. 






• • • • 

20.1 
25.6 
27.1 
27.8 


... 
. • • 
■ . ■ 
110 

« • • 


• • 

18 

• • 

• • 


• • ■ • 

• • • • 


• • • 

114 


18 


24.8 

• • • • 

26.5 
26.3 


• ■ • 

• • • 

• • • 


io 

m m 
• • 


• • • • 

21.0 
17.5 
22.4 


• • « 

• • • 

• « • 

• • • 


10 

• • 

• • 

• • 


■ • • • 

21.4 

• • • • 

f20.6 


118 

• • • 

• • • 

• • 9 


• • 

21 

• • 


[10.5 


• • • 


• • 



Remarks. 



Impending coma. 



AftOT taking sodium dtrate. Very little could be taken 

because of diarrhea resulting from it. 
Respirations heard and counted from across room. 
StilJ impending coma. Had been up in a wheel chair 

for a few moments at noon. 



Drew ia some air around mouth while inspiring. 

Between 12 noon of Feb. 14 and 7 a.m. Feb. 15. the sub- 
ject took 00 grams of levulose. Still conscious; 
very restless during the night. 



Took some sodium dtmte at 8^ 30^ a.m. ; none previous 
since 2*' 30*° a.m. 



Dressed, ready to go home. Still breathing heavily; 

inobably no better. 
Had had morphine In afternoon. 



and forth four times in 20 seconds. The last expiration was analyzed for carbon 
dioxide. The values obtained are given in table 130, together with a few 
records of the pulse and respiration rates. 

This subject was characterized by an abnormally high pulse-rate running 
from 110 to 118; although the respiration-rate was not extraordinarily high. 
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averaging not far from 19 per minute, the deep breathing of impending coma 
was very noticeable, the respirations being easily counted from across the room 
with one's back to the subject. A gradual fall in the carbon-dioxide tension 
will be noticed during the two days on which experiments were made. Between 
noon of February 14 and 7 a. m. of February 15 the subject took 90 grams of 
levulose, but this seems to have had no effect on the carbon-dioxide tension in 
the alveolar air. 

Comparison of the Metabolism of Diabetics with that of 

Normal Individuals. 

One of the difficulties hitherto encountered in the interpretation of experi- 
ments on the metabolism of diabetic patients has been the lack of sufficient 
controls with normal individuals. In our previous report we were able in a 
measure to supply this deficiency, and, we believe, presented enough data 
regarding normal individuals to establish a satisfactory base-line for com- 
parison. Criticism, however, has arisen not only as to the character of the 
normals selected, but also as to the number. Lusk,^ whose opinion on matters 
of diabetes is not to be regarded lightly, maintained that the normal individuals 
weighed very much more than did the diabetics and hence were not comparable 
on the basis of per kilogram of body-weight. In the second place, Lusk laid a 
great deal of stress upon the fact that one of the subjects. Case I, was extremely 
high-stnmg, nervous, and apprehensive, and by no means an ideal subject. He 
maintained that the results with this individual played too important a rdle in 
our determination of the apparent increase in metabolism. Leaving out of 
consideration the heavy individuals used in the normal comparison, and omit- 
ting, also, the results obtained with Case I, he computed that the increase in 
the heat production was but 5 per cent instead of the 15 per cent that we 
maintamed. 

At the time of going to press with the first diabetic publication, the nimi- 
ber of normal individuals available for comparison was somewhat limited, and 
it was obviously desirable to increase this as rapidly as possible. Fortunately 
in the intervening time we have been able to study a sufficiently large nimiber 
of normal individuals so as to extend the list, and are now prepared to meet 
this criticism by presenting data based on (1) an enlarged number of normal 
subjects, and (2) a normal individual corresponding in height and weight for all 
of the diabetics save one. We also have normals to correspond with two dia- 
betics during the several stages of their disease when their weight changed. 
While, therefore, in the first report the comparisons were made between 
normal individuals collectively and diabetic individuals collectively, we shall 
attempt in this publication to compare each diabetic with one or more normal 
individuals with essentially the same body-weight and height, and finally, as 
before, to compare normals and diabetics collectively. Under these conditions 
the criticism of Professor Lusk can be much better met than it could have been 
two years ago, when the normal data were limited. That Professor Lusk's 

'Lusk, loc, cU. 



118 METABOLISM IN BBVBRE DIABETES. 

criticism was more of a theoretical than a practical nature is demonstrated by 
the fact that the actual increase in metabolism noted in the new observations 
is somewhat higher than that noted when the earlier tests were made. 

The measurements of the metabolism of Case I were stated in the first 
report to be unsatisfactory for the reason that the subject was high-strung and 
nervous, and consequently by no means an ideal subject. Fortunately, some 
months later it was possible to secure this subject for another experiment. 
At this time he was weak, emaciated, and disinclined to muscular activity. 
During the experimental p;riod he lay in the bed calorimeter extremely quiet, 
and prior to the experiment exhibited none of the nervousness and excitement 
which he had shown before the two experiments of the year previous. These 
later results may accordingly be taken as a measurement of the metabolism 
of a diabetic with severe acidosis, but with a minimum amount of extraneous 
muscular activity. While, therefore, in the earUer experiments with the chair 
calorimeter he did not appear to be an ideal subject, in his last experiment with 
the bed calorimeter no criticism could be raised with regard to the conduct of 
the experiment or to the subject himself, so that the influence of extraneous 
muscular activity may be disregarded. The results of the last experiment with 
the subject abundantly confirm those of the first two in showing a marked 
increase in the total metabolism. 

SELECTION OF CONTROLS. 

In this comparison of normal individuals with diabetics care has been taken 
to select controls that approximate as nearly as possible the exact body-weight 
and height of the diabetic subjects to which they are to be compared. This has 
been difficult in certain instances, owing to the fact that frequently the dia- 
betics were much emaciated and it was difficult to find a person of a correspond- 
ing height and weight. The evidence with regard to the disproportion between 
skin area and body-weight, first suggested by Magnus-Levy and considered by 
us in the earlier publication, has been further amplified by observations during 
an experiment with prolonged inanition. Although during this experiment 
the subject lost in weight 15 kilograms, there was no loosening of the skin. 
The skin contracted as the flesh disappeared and hence there was no evidence 
that there was a disproportion between the body-surface and the body-weight. 

A further precaution was taken to select normal subjects who were not on 
the laboratory staff, except when it was necessary in order to obtain subjects 
that were comparable in size and weight. Of the 20 or more subjects used for 
comparison, more than half did not belong to the laboratory staff; hence, on 
the whole, the normal subjects were more often untrained than were the 
diabetics with most of whom experiments were frequently made. 

EVICOICE OF THE KYMOGRAPH RECORDS. 

The use of one or more tube pneiunographs about the thighs or chest for a 
record of the degree of muscular activity of the subject has proved a most suc- 
cessful venture, but the expense incidental to reproducing kymograph records 
makes it impossible to present them here. A most careful scrutiny of the 
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large number of kymogrc^h records obtained in connection with this research 
makes it evident that the normal individuals on the whole were considerably 
more restless than were the diabetic individuals. The diabetic patients were 
for the most part sick, weak, and disinclined to any extraneous muscular move- 
ments and remained lying quietly in bed. It may therefore be safely stated 
that the influence of extraneous muscular activity was infinitely less with the 
diabetics than with the normal individuals. Hence one would expect to find 
a higher metabolism with the normal individuals than with the diabetics, as 
the influence of even minor muscular activity upon the metabolism is surpris- 
ing — a fact only appreciated by one who is constantly working in the labora- 
tory, measuring the metabolism of a subject and comparing the simultaneous 
records of muscular activity. This relationship between minor muscular activ- 
ity and metabolism has been observed in this laboratory,^ even with infants. 

In an experiment designed to answer a criticism as to the soundness of 
using k3rmograph records to indicate muscular rest, it was found by actual test 
that the kymographs are so sensitive that even a minute muscular tremor, 
such as the movement incidental to slight shivering, is instantly transmitted 
to the tambour and recorded on the kymograph. 

DETAILED COMPARISON OF NORMALS AND DIABETICS. 

From our list of normal subjects it is possible to select for purposes of com- 
parison one or more to compare with each individual diabetic, with the single 
exception of Case N. As he was a boy, we had no normal subject who was 
comparable in age, weight, and height; consequently. Case N is not included in 
the averages. On one occasion Case A weighed 51.6 kilos., and later weighed 
46.1 kilos.; a fall in body-weight of 7 kilos, was likewise noticed with Case C. 
Accordingly, in order to make the analogy as complete as possible, we have 
compared the diabetics with different normals at the stages of the disease when 
there was a change in their body-weights. All these comparisons have been 
brought together in table 131, in which are grouped first, the cases of severe 
diabetes and the normal individuals with whom they are compared, and second, 
the moderately severe and light cases, of which only three were studied. Of 
particular interest are the comparisons between the cases of severe diabetes 
and the normal individuals. 

The carbon-dioxide production per kilogram of body-weight with all of the 
cases of severe diabetes was 3.31 c.c. per kilogram per minute, and with normal 
individuals 3.13 c.c. per kilogram per minute. This increase, which is approxi- 
mately but 6 per cent, is fully in line with that noted in the earlier publication, 
and is obviously explained in part by the fact that the metabolism of the diabe- 
tics was essentially a protein-fat metabolism, while that of the normal subjects 
was unquestionably a protein-fat and glycogen or carbohydrate metabolism. 

As pointed out earlier, the difference between the carbon-dioxide produc- 
tion on these two groups of individuals does not measure by any means the 
difference in the actual metabolism. This is best shown by a comparison of the 

^Benedict and Talbot, Am. Joum. Diseases of Children, 1912, 3, p. 1. 
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oxygen consumption. Of the 19 severe cases, the intensity of the metabolism 
as measured by the oxygen consumption was in each individual case higher 
than that of the normal individuals with whom they are compared. The 
single exception was Case B, the normal individual, Miss E. W., having the 

Table 131. — Comparison of the carbon dioxide diminaUd and oxygen absorbed by 
diabetica and normal individiuUs in experiments xoithout food, 

[Bed calorimeter and reepiration apparatus.) 

SEVERE DIABETES. 



DiabeUc. 



Sobjeet. 



GaseA 

CaaeB 

CaaeC 

OaaeD , 

CMeG 

CaaeH , 

Caael 

CaaeJ 

CMeK 

CaaeL 

CaaeN 

CaaeO 

CaaeP 

CaaeQ 

CaaaR 

CaaeS 

OaseT 

CaaeU 

V 

At. aerera oaaes 




02.7 

55.5 

48.8 
87.1 
52.4 
40.0 
52.0 
50.1 
55.6 
88.0 
66.5 

31.5 
52.8 
40.0 
51.7 

55.8 

58.0 
51.4 

30.5 



60.0 



166 

166 

173 
178 
150 
176 
171 
180 
180 
183 
183 

146 
178 
173 
168 

181 

m 

180 
160 



173 



3 
1 
7 
1 
1 
1 
3 
1 
1 

7 
3 
5 
2 

1 
1 
2 



e.e. 
3.22 
2.80 
3.10 



2.81 

3.01 

3.11 
3.22 
3.00 
4.83 
3.48 
2.84 
3.31 
3.44 
3.08 

4.11 
3.06 
3.75 
3.86 

8.51 
2.64 
3.20 

3.80 



3.42 



8.81 



I' 



Nonnal. 



ex, 
4.22 
4.08 
4.20 



4.12 

4.35 

4.10 
4.38 
4.05 
6.03 



Sabjeet. 



54 
04 
65 
41 
23 



5.57 
4.24 
5.34 
4.37 

4.00 
3.67 
4.51 

5.20 



4.72 



A« !:• U • • • ■ . 

X ■ fl&* ^^a • • • • 

Mi«J 

Mi«A.C... 
MiflaE.W... 
Mrs. S. C^... . 

X3 • mXm At ..... 
w9. ^l. A%. . . • . 

Dr. P. R. . . . 

Vy. a2« U. • . . . 

X. M. C/ 

^a. ^&. ^a ..... 
MissB 

X • ML. \y , • . . . 

C. H. H 

Dr.S 

xi« Jr. X .... • 
E. P. C/ 

^^. XI. ^&. • . . . 

J.B 



MissL 

X • Jl.. K^t • . . . 

V.G 

A, le, \i . . . . . 

U« If. \1 . . . • . 
XI. IT. ^ . . . . . 

xx» IT* M, 

A., c, \j 

MissA.C.... 
MuaE.W... 
Mrs. S. C . . 
H. B. L 



4.54 Av.Bonnalsubiects 




I 



kUot. 
53.0 
48.5 
43.3 
42.6 
40.5 
37.4 
62.2 
61.1 
55.2 
55.1 
48.5 
66.0 
52.2 
48.5 
55.1 
58.5 
57.8 
63.2 
66.7 
66.0 



I 

n 




52.4 
48.5 
54.3 
53.0 
57.8 
57.8 
57.8 
53.0 
42.6 
40.5 
37.4 
60.0 



cm. 
175 
166 
157 
165 
157 
155 
164 
165 
164 
160 
166 

m 

158 
166 
160 
181 
170 
185 
182 
182 

• • • 

168 
166 
162 
175 
170 
170 
170 
175 
165 
157 
155 
173 



1 

18 

3 

2 

2 

2 

31 

13 





18 

54 

2 

18 



5 

44 

4 

16 

13 

• • 

2 

18 

10 

1 

44 

44 

44 

1 

2 

2 

2 

7 



C.C. 

3.30 
3.25 
3.30 
3.24 
8.78 
3.26 
2.80 
2.06 
2.80 
3.14 
3.25 
8.12 
331 
3.25 
3.14 
2.62 
2.86 
2.71 
2.02 
8.04 

■ • • • 

3.00 
3.25 
3.66 
3.80 
2.86 
2.86 
2.86 
3.30 
8.24 
3.78 
3.26 
8.10 



8.18 



MODERATELY SEVERE AND LIGHT DIABETES. 



CaaaM. 

CsaeW. 
CaaeX. 



At. m( 



oderatekr 
eandli^ht 



82.1 172 



50.5 
64.6 



161 
170 



2 
1 



2.42 

2.75 
2.82 



3.14 

3.n 

3.70 



2.66 



3.57 



O.P.M,. 
Prof.C... 
MissB.W 
D.M 



At. Bonnal sabjaets. 



85.8 


171 


2 


83.0 


160 


8 


50.4 


162 


2 


64.0 


171 


6 


• • • • 


• • • • 


• • 






a 

I' 



e.c, 
3.88 
3.86 
3.74 
3.00 
4.57 
Z.TI 
3.51 
3.62 
3.55 
3.72 
3.86 
3.68 
3.01 
3.86 
3.72 
3.34 
3.32 
3.47 
3.62 
3.63 

• • • • 

3.87 
3.86 
4.38 

8.88 
3.82 
3.32 
3.82 
3.88 
3 00 
4.57 
3.77 
3.84 



8.78 



2.44 ! 3.12 
2.40 j 2.88 
3.03 ' 3.70 
2.80 I 8.72 



2.60 




higher metabolism. On the other hand, the three remaining individuals with 
whom Case B is compared had a much lower metabolism, the average oxygen 
consumption for the four normal subjects being less than that of Case B. The 
average oxygen consumption of the cases of severe diabetes, Case N excluded, 



DISCUSSION OF BSSULTS AND OBNBRAL CONCLUSIONS. 



121 



was 4.54 C.C. per kUogram per minute, while with the normal subjects the 
average oxygen consumption was 3.75 c.c. This corresponds to an increase 
of 0.79 c.c. per minute above normal, or somewhat over 20 per cent.^ 

In the earlier pubhcation it was stated that the increase in metabolism was 
not far from 15 to 20 per cent, and it will be seen that these figures bear out 
perfectly this conclusion. Furthermore, taking into consideration the inti- 
mate relationship between minor muscular activity and metabolism, it is evi- 
dent that these subjects should have been under exactly the same conditions 
in regard to the muscular activity. An examination of the many pneumograph 
curves obtained on these subjects shows that in these as in the earlier experi- 
ments the normal individuals were invariably somewhat more restless than 
were the diabetics, which would tend to increase their oxygen consumption 
above that of the diabetics. // the normals had shown as liMe muscular actwUy 
as did the diabetics, it is obvious that their oxygen consumption loould have been 
stiU less than reported, and that the increase due tothe diabetes would be even greater 
than here shown. 

While the observations on this point have to deal more particularly with 
the comparison between the cases of severe diabetes and normals, it is of inter- 



*RoUy (Deutsoh. Archiv f. klin. Med., 1912, 105, p. 494) gives the foUowing values for 
his cases of severe diabetes: 



Sobjeet. 


Ate. 


Weifht. 


Oubondknide 

perldlo. 

per minitte. 


perldlo. 
perminnte. 


Reepimtory 
quotient. 


H 


fr». 

21 
00 

21 
30 
34 
24 
20 
21 


kUM. 

44.6 
38.8 
453 
40.5 
51.5 
01.2 
03.5 
57.5 


e.e. 
8.M0 
8.210 
8.701 
3.344 
3.505 
3.380 
8.281 
8.140 


C.C. 

5.270 
4.040 
5.108 
4.500 
4.802 
4.706 
4.830 
4.357 


0.753 
.705 
.784 
.742 
.728 
.702 
.080 
.722 


B 


8eh6 


Bo 


Sohn 


Kt... '.'.'.'.'.'.'.'.'..... '..'..'..'.. 


W.K 


U.L 


1 


Aytngfi 


• • 

• • 


• • • • 

• • • • 


8.464 

8.18 


4.728 
8.76 


• • • ■ 

• • « ■ 


1 Av. found by Benedict 
nnd JoeKn for nonnnl 
enbieote 





LeimdOrfer (Biochem. Ztschr., 1912, 40, p. 826) reports the nQchtem value for five 
severe cases as foUows: 



Sabieot. 



Aft. 



fr». 

Joh.Gr 1 30 

KariKi 28 

F.S 19 

MnxQ ! 29 

Acn.M i 15 



Avence 

At. fovnd by Benedict 
and Joelin for nonnnl 
anb jecta 



Weifht. 


Heifht. 


kOo*. 


cw%. 


50.8 


172 


08 


178 


50 


154 


50 


159 


45 


105 


• • • • 


• • • 






• • • • 


• • • 



Carbon dioxide 

perldlo. 

perminate* 



c.e. 

2.85 

2.75 

3.50 

3.35 

3.29 



8.16 



8.18 



perkilo. 
perminnte. 



CO. 

4.41 
4.25 
5.57 
5.23 
4.80 



4.80 



8.76 



qooticBt. 



0.044 
.045 
.088 
.041 
.078 



The abnormall]^ low quotients found by Leimddrfer with the Zuntz-Geppert method 
are strikingly at variance with those commonly found by us using the respiration apparatus 
designed in this laboratory and by Roily using a modified form of it. 
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est to note that the relatively few light cases of diabetes show essentially the 
same carbon-dioxide production as the normal subjects, with a slightly greater 
oxygen consumption. This difference in oxygen consumption may easily be 
explained by the fact that the niunber of cases studied was altogether too few 
from which to draw deductions. If we compare the values for the severe cases 
of diabetes with those for the mild cases, we find that both the carbon-dioxide 
excretion and the oxygen consiunption were materially less with the moderately 
severe and the light cases of diabetes than those with the severe cases. As 
pointed out earlier, however, they are in large part affected by the very low 
values found with Case M. 

Comparison of the Metabolism of Diabetics with Varying 

Degrees of Severity. 

The observations made in our earlier publication indicated that there was 
a tendency for the metabolism to increase pari passu with the severity of the 
diabetes, but this inference was based upon slight experimental data, the num- 
ber of cases of light diabetes being very few. Similarly, in connection with the 
new experiments, we find a diflSculty in drawing a careful deduction on this 
point, owing to the fact that we still have so few observations upon cases of 
light diabetes. A comparison of the carbon-dioxide production and oxygen 
consumption per kilogram of body-weight per minute, as well as the respiratory 
quotient, with both severe and light cases, is, however, of interest. These com- 
parisons are given in table 132. 

Table 132. — Comparison of the metabolism of diabetics voith varying degrees of severity. 



Decree of eevmty. 


Bed calorimeter or 
respiration iM>paratu8 
per kilogram of body- 
weight per minute. 


Allexpoi- 
ments with 
all forms of 
apparatus. 


Carbon 

dioxide 

eliminated. 


Oxygen 
abmrbed. 


Respiratory 
quotient. 


Bevem cases 


c.e. 

3.33 

2.82 


c.c. 
4.54 

3.73 


0.73 
0.75 


Moderately severe and Ucht cases 



It is obvious that with the severe cases there was a greater intensity of 
metabolism as indicated by an increased carbon-dioxide production and an 
increased oxygen consumption. On the other hand, there was a lower respira- 
tory quotient, indicating a consumption of fat with a minimum consumption of 
carbohydrates; with the moderately severe and light cases there is a slightly 
increased respiratory quotient, corresponding to the slightly greater carbo- 
hydrate tolerance. A critical examination of these figures and the tables from 
which they are drawn, namely, tables 119 to 127, shows that the values for the 
moderately severe and light cases are enormously a£fected by the very low 
values for both carbon dioxide and oxygen found with subject M, who was dis- 
tinctly fat. While, therefore, the original contention may be made that in severe 
diabetes a somewhat higher metabolism is shown than in moderately severe or 
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light caseS; nevertheless there is a serious objection to this form of comparison 
owing to the fact that we have so few light cases. If, however, we examine the 
figures in table 120, we see that if Case M be omitted the carbon-dioxide pro- 
duction is still lower with the two remaining cases than the average value for 
the severe cases. Simy arly , if the low oxygen consumption of Case M be omitted 
in table 123, the average oxygen consumption with severe cases is greater than 
with any of the moderately severe cases; hence it seems perfectly justifiable 
to state that the more severe the case, the greater the intensity of the meta- 
bolism. Thus the experimental evidence seems to justify fully our earlier con- 
tention to this effect. 

A Comparison of the Metabolism of Fasting Diabetics under 
Varying Conditions as to the Intensity of the Acidosis. 

As was pointed out in the earlier report, there was a period in the history of 
Case A when he was apparently in a much more serious condition than at any 
other time. During this period the evidence was clear that both his meta- 
bolism and pulse-rate were considerably higher than at other times. This 
suggested a relationship between metabolism and the degree of severity of the 
diabetes, a suggestion that was emphasized and accentuated by the fact that 
the whole group of subjects with severe diabetes indicated a higher metabo- 
lism than did those with light diabetes, although admittedly the number of 
the latter was too few for us to draw any definite deductions. 

In the new cases here reported at least two gave indications of a markedly 
diflferent severity of the disease within a very short period of time, and these 
fluctuations in severity occurred during the experimental period at the labora- 
tory. Both cases were boys. With Case N it was noted that on days fol- 
lowing green days the metabolism was high, there was a higher excretion of 
jS-oxybutyric acid, the pulse-rate was high and the alveolar carbon-dioxide 
tension was low. On days following oatmeal days, on the other hand, the 
metabolism was distinctly lower, the pulse-rate lower, and the alveolar carbon- 
dioxide tension was higher. The results with this case were, however, com- 
plicated by an uncertainty as to whether there was not a surreptitious inges- 
tion of food; since the ingestion of food per se would stimulate metabolism, it is 
uncertain whether the high metabolism experienced on certain dates was due to 
the severity of the disease or to the previous ingestion of food. Nevertheless 
the other evidence, particularly the carbohydrate balance, is of material assist- 
ance in determining whether or no food was mgested prior to coming to the 
laboratory, and we believe that for the two days here cited there is reasonable 
ground for belief that the actual conditions of metabolism were not compli- 
cated by the previous ingestion of food. The results are given in table 133. 

On November 30 to December 1 the acidosis was severe; the jS-oxy butyric 
acid, which was fortunately determined on that day, amounted to 35 grams, 
with a minus carbohydrate balance of 25 grains; the oxygen consumption was 
179 c.c. with a pulse-rate of 75 and a carbon-dioxide tension of 17 mm. On 
December 1 the subject had an oatmeal day, and on December 2 to 3, the dia- 
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cetic acid reaction and the carbohydrate balance were essentially the same, but 
there was a fall in the ammonia-nitrogen nitrogen ratio; there was, however, 
a considerably lower metabolism, inasmuch as but 160 c.c. of oxygen were 
consumed per minute, the pulse-rate was 57, and the alveolar carbon-dioxide 
tension was 26 mm. Unfortunately the /3-oxybutyric acid was not determined. 
In examining the original table for this case (table 33) we find varying 
days, even when the subject was supposed to be fasting, the variations in the 
oxygen consumption ranging from 179 down to as low as 160. These high days 
can not always be sharply designated as being days on which no food was 

Table 133. — Comparison of the metabolism of Case N under varying conditions of acidosis. 



Dftto. 


DiM0tio 
moid. 


acid. 


NH»-N. 

Total l4 


Cwbo- 

hydrate 

ralaofiff. 


MeUbolism at 

beginning of 

foilowing day. 


Alveolar 

dioxide 
teoaioii. 


gram par 
mioata. 


Puke- 
rate. 




1910. 
NoT.SO-Dee. 1 


++++ 
++++ 


gtna, 
85 
? 


p.d, 

a 

85 


gm». 
-25 
-15 


ex. 
170 
160 


75 
67 


17 


Deo.l-{l 





taken, as we have reason to believe that the subject took food on one or two 
occasions before coming to the laboratory, either through a misunderstanding 
or otherwise, and it was not properly reported. In any event, the relationship 
between the intensity of the metabolism, the diet of the previous day, and the 
general physical condition of the subject was such as to be of considerable 
significance, and seemed to indicate a rather close connection between the 
severity of the acidosis and the intensity of metabolism. 

With Case Q we are confident that the diet was properly controlled. We 
have accordingly selected two days with this subject in which both the degree 
of acidosis and the total metabolism were determined. The results are given 
in table 134. Under these conditions we find on November 18-19, when there 
was severe acidosis with a large amount of /3-oxybutyric acid and a low carbo- 
hydrate balance, that the metabolism and pulse-rate were considerably higher 
than three days later, when the /5-oxybutyric acid was two-thirds that of the 
first and the positive carbohydrate balance was considerable, this day being a 
carbohydrate oatmeal day. There was likewise an increase in the tension of 
the alveolar carbon dioxide. On the other hand, the whole comparison is some- 
what complicated by the fact that the volume of urine on the second day was 
but one-half that of the first day; the total amount of nitrogen was also lower. 
This of course would keep up the high percentage of ammonia nitrogen, and 
might account for the low excretion of /3-oxybutyric acid, but need not neces- 
sarily affect the carbohydrate balance. It is much to be regretted that other 
experiments without food could not have been made with this subject, but the 
only other two experiments obtained with him were after definite feeding. 

The results of the experiments with Cases N and Q strongly suggest an 
intimate relationship between the severity of diabetes and high metabolism; 
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while this evidence from experiments with individual subjects is by no means 
conclusive, it supplements the general impression derived from experiments 
with different individuals that with severe diabetes there is a high metabolism, 
and with mild diabetes a lower metabolism. This last inference, however, is 
drawn from experiments with different individuals, while the experiments with 
Cases N and Q imply that with the same individual, differences in intensity 
of the disease may be accompanied by differences in the intensity of the 
metabolism as measured by the oxygen consumption, the pulse-rate, and the 
alteration in the carbon-dioxide tension of the alveolar air. 

Table 134. — Comparison of the metabolism of Case Q under varying conditions of acidosis. 



Date. 



1910. 
Not. 1»-W. 
Not. 23-23. 



DiAoetio 
add. 



++t 
++++ 



0-oxy- 
acid. 



80 
19.6 



NHi~N 



p. et. 

27.4 

25.9 



Carbo- 
hydrate 
balance. 



gniM. 
-M 

+75 



Metaboliim at 

becinningol 

follmrinf day. 



Ozy^ 
per kiio- 
gjam per 

minute. 



232 
220 



Pnlae- 
rate. 



79 
65 



AlTeoIar 
carbon- 
dUudde 
teoaioa. 



tntn, 
81 
40 



The Influence of a Normally Induced Acidosis upon Metabolism. 

Since diabetics with severe acidosis showed a higher metabolism than did 
light cases, and since the metabolism was higher with the same individual when 
the diabetes was very severe than when it was milder, it seemed desirable to 
find out the effect of an experimentally induced acidosis upon the metabolism 
of normal individuals. While studying in the laboratory of Dr. Joseph Barcrof t, 
of Cambridge, England, Mr. H. L. Higgins, an associate in this laboratory, 
made some interesting observations on the relationship between the effect of 
a carbohydrate-free diet and the dissociation curve of the blood. While upon 
a carbohydrate-free diet he observed great lassitude and a general feeling of 
malaise. On repeating this experiment in the fall of 1911, it occurred to him 
that a study of the metabolism as measured by the oxygen consimiption and 
carbon-dioxide production during this period would be of interest, and hence 
some observations were made of the total metabolism. Subsequently, a 
second experiment was made with another subject, H. H. A., a student in the 
Harvard Medical School. This was more carefully planned, with the special 
purpose of studying the effect of the carbohydrate-free diet upon the meta- 
bolism. 

In a paper recently published by Benedict and Higgins,^ discussing the 
effect of the amount of carbohydrates in the preceding diet upon the respira- 
tory quotient, it was shown that the respiratory quotient with a carbohydrate- 
free diet was as low as the ordinary quotients in diabetes, if not lower, and that 
the respiratory quotient could be elevated persistently by increasing the quan- 
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tity of carbohydrates in the diet. Inasmuch as this paper dealt especially 
with the character and not with the amount of the metabolism, practicaUy no 
reference was made to the significant fact that apparently the lower the amount 
of carbohydrates in the diet, the higher the metabolism. It is the purpose of 
the following section of this discussion to state the details of these experiments 
and to discuss the results. 

EXPERIMENTS WITH H. L H. 

The study made with this subject included four experiments, all with the 
respiration apparatus. Three of these were made with the carbohydrate-free 
diet; the fourth followed normal diet. The special diet was begun on Sep- 
tember 6, 1911, but the plan to study the respiratory exchange was not devel- 
oped until the next day, so that the first respiration experiment was made on 
September 7, 1911. The experiment on normal diet was therefore delayed 
until the second day after the discontinuance of the carbohydrate-free diet. 
The vital statistics for this subject are as follows: 

Date of birth, March 26, 1887; height, 172 centimeters; body-weight with- 
out clothing during experiments, 60.2 kilos. 

STATISTICS OF EXPERIMENTS WITH H. L. H. 

Rbspibation Expsrimbnt No. 1. 

Date, September 7, 1911. Body-weight without clothing, 60.2 kilos. 

The last meal preceding the be^nning of the carbohydrate-free diet was 
taken at 12** 30" p. m., September 5, and consisted of beef stew with vegetables 
and bread and butter. The subject fasted the remainder of the day. On the 
day preceding the first experiment he took for his breakfast eggs and beef tea; 
for dinner, sardines and cheese; and for supper, pork chops. Samples of the 
alveolar air were taken at 2** 56"* and 3** 52"* p. m. on this day. 

On the experimental day the subject came to the laboratory fasting; the 
experiment began at 8** 50°* a. m., continued for three 15-minute periods, with 
intermissions of 19 and 11 minutes respectively, and ended at 9** 55°* a. m. 
The pulse-rate ranged from 80 to 88. The results of the experiment are given 
in table 135. After the experiment was over the subject ate for his bresdkfast 
at 10 a. m. soft-boiled eggs with butter; also took pepsin gum. For his dinner, 
at 3** 30" p. m., he again took soft-boiled eggs with butter, while for his supper 
be ate fried ham with a little butter. 

RbSPIRATION ExPBRIlfSNT No. 2. 

Date, September 8, 1911. Body-weight without clothing, 60.2 kilos, 
(assumed). 

At 8 a. m. on the experimental day the subject took a few sips of coffee, a 
piece of pepsin gum, and a little lemon juice. The experiment began at 9** 25" 
a. m., continued for three 15-ininute periods with intermissions of 11 and 9 
minutes each, and ended at 10** 30" a. m. The pulse-rate ranged from 72 to 
80. The food taken by the subject throughout the day consisted of a break- 
fast of lamb chops at 10** 30" a. m., a dinner of sardines at 2** 30" p. m., and a 
supper of beefsteak at 8 p. m.. Samples of the alveolar air were taken on this 
day. The results of the experiment are given in table 135. 
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Rbspibation Experimsnt No. 3. 

Date, September 9, 1911. Body-weight without clothing, 60.2 kilos, 
(assumed). 

This experiment began at 9** 53°* a. m. with the subject fasting, was con- 
tinued for two 15-minute periods, and ended at 10** 31™ a. m. The pulse-rate 
ranged from 64 to 78. The carbohydrate-free diet was discontinued beginning 
with this day, no record being made of the food eaten on this and succeeding 
days. The results of the experiment may be found in table 135. 

RBSPntATIONxEXPBRIMBNT No. 4. 

Date, September 11, 1911. Body-weight without clothing, 60.2 kilos, 
(assumed). 

On the second day after the discontinuance of the carbohydrate-free diet, 
another respiration experiment was made with the subject after a 12-hour fast. 
The experiment began at 8** 22" a. m., continued for three 15-minute periods, 
and ended at 9** 37"* a. m. The pulse-rate ranged from 66 to 72. The results 
of the experiment are given in table 135. 

Table 135. — ReauUs of respiration experiments Nos. 1 to 4 with H, L. H., intkout food. 



Ezperi- 

ment 

No. 


Date. 


Diet and time. 


Duration. 


Carbon 

dioxide 

eliminated 

perminate. 


Oxygen 

abeorbed 

per minute. 


Respiratory 
quotient. 


Average 
pulse-rate. 


ATerafee 

respiratiOB- 

rate. 




1011. 


CarhohgdraUfrte.i 


min. sec. 


e.e. 


e.e. 








1 


Sept. 7 . . 


8»'60P»a.m 


15 4 


206 


305 


0.68 


85 


16 






14 a.m 


15 7 


107 


202 


.67 


83 


15 






40 ».m 


15 10 


108 


301 


.66 


84 


16 






ATcrage 


■ • • • 


200 


299 


.67 


84 


16 


2 


Sept. 8 . . 


0»>26"a.m 


15 7 


200 


281 


.75 


76 


16 






51 a.m 


15 4 


106 


270 


.70 


75 


17 






10 15 a.m 


15 6 


180 


280 


.68 


74 


16 






. ATcrafe 


• • • • 


198 


280 


.71 


75 


16 


3 


Sept. . . 


0*»63«a.m 


15 


108 


276 


.72 


70 


16 






10 16 a.m 


15 4 


101 


268 


.71 


74 


16 






ATerafe 


■ ■ • • 


195 


272 


.72 


72 


19 






NormMl.* 














4 


Sept. 11 . 


8»»22»a.m 


15 24 


212 


2i8 


.86 


60 


16 






8 50 a.m 


15 40 


207 


233 


.80 


67 


17 






21 a.m 


15 18 


211 


248 


.85 


71 


15 






Avcnfe 


• • ■ • 


210 


243 


.87 


69 


19 



^Sab|eot began the oarbohydrate^ree diet after the noon meal of Sept. 5, 1011. 
'Subject resumed his normal diet on the morning of Sept. 0, 1011. 

RESX7LTS OF EXPERIMENTS WITH H. L. H. 

It is obvious from the data given in table 135 for the oxygen consumption 
that the metabolism was much higher during the carbohydrate-free diet than 
during the normal diet. This is further substantiated by the fact that the 
pulse-rate was higher, particularly on the first day on which measurements 
were secured. 

Table l36.-St(Uisties of urine— Subject H. L, H, 



Date. 


Period. 


Volume 
of urine. 


Acetone. 


/J-oxy- 

but^c 

acid. 


Nitrogen. 


Ammonia. 


Total. 


NH,-N. 
Total N 


1011. 
Sept. 6-71.. 
7-8.. 
o~0. . . 


8*» 45" a.m. to 8** Vf^ a.m 


e.e. 
1130 
1120 
1300 


gmt. 
1.548 
1.726 
2.702 


gma. 
4.247 

• • • • • 

8.028 


gm9. 
21 02 
18.05 
18.03 


gms. 
1.68 
2.46 
4.07 


p.ct. . 
5.0 
11.2 
17.7 


8 25 a.m. 7 50 a.m 


7 50 a.m. 35 a.m 





>The subject snbasted on a carbohydrate^ree diet aftnr the noon meal of Sept. 5, 1011. 
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Urine analyses. — ^To study the degree of acidosis, the subject made a care- 
ful urine analysis on three days of the study. The results of these analyses are 
reported in table 136. Unfortunately, the value for |8-oxybutyric acid on Sep- 
tember 7-8 is questionable and is therefore not included. It will be seen that 
there was a measurable amount of acetone and |3-oxybutyric acid appearing in 
the urine; there was also an increase in the amount of ammonia which rose 
on the last day to about 4 grams with approximately 18 per cent of the 
total nitrogen in the form of ammonia-nitrogen. These commonly accepted 
indices of an acidosis are particularly well shown in this experiment. 

CamposUion of the alveolar air, — ^This subject had been particularly 
interested in studying the composition of alveolar air and so made a 
number of observations upon himself prior to and during the experiment, the 
results of which are given in table 137. Of special interest is the carbon- 
dioxide tension, which falls below the normal immediately after the beginning 
of the carbohydrate-free diet, the average on September 8 being some 7 mm. 
below the normal. The oxygen consumption shows a corresponding increase. 

Table 137. — DeUrminationB made on alveolar air with H. L. H, 



Date and time. 


Carbon- 
dioxide 
tension. 


Oxy^;en 
tenmon. 


Diet. 


1911. 
July 21-22, averace 

Sept.JI: 

2*»56"p.m 

3 52 p.m 

Sept. 8* 


36.5 

85.5 
33.9 


ffitn. 
111.1 

103.8 


Normal. 

Carbohydrate-(ree.i 

Carbohydrate-free. 


29.9 
28.6 
30.3 


120.4 


Average 


29.6 


120.4 





>Sabject began the carbohydrate-free diet after the noon meal of 

Sept. 5, 1911. He ate food at 12** 20™ p.m. Sept. 6. 
sProbably after food. 

EXPERIMENTS WITH H. H. A. 

The important point observed in connection with the study with H. L. H., 
namely, an increased metabolism incidental to the ingestion of a carbohydrate- 
free diet, justified a second carefully-planned study on another subject. The 
subject of this second study was placed in the New England Deaconess Hos- 
pital, so that the diet was under rigid control throughout the entire period. 
Being a medical student and a man of unusual intellectual keenness in the 
problems involved, he cooperated most heartily with us in all these tests. 

A series of nine experiments was made with this subject, including a pre- 
liminary experiment with a normal diet, five experiments with a carbohydrate- 
free diet, one experiment during which oatmeal was ingested, one experiment 
with cane sugar, and a final experiment following a normal diet. The vital 
statistics of the subject were as follows: 

Date of birth, August 10, 1890; height, 164 cm.; range in body-wdght 
during experiments, 60.9 to 63.5 kilos. 
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STATISTICS OF EXPERHOBNTS WITH H. H. A. 

Respiration Experimbnt No. 1. 

Date, December 27, 1911. Body-weight without clothing, 63.5 kilos. 

The diet on the day preceding the study was a mixed diet. Breakfast: 
coffee, with sugar, fried potatoes, and bread. Dinner: barley soup, potatoes, 
bread, apple pie, coffee, hard candy. Supper: fried potatoes, tea with sugar, 
bread, and a few dates. 

On the experimental day the subject came to the laboratory without 
breakfast and lay down upon the couch at 8 a. m. The experiment began at 
8** 50" a. m., continued for four 15-minute periods with intervals of 8 to 10 
minutes, and ended at 10^ 18°^ a. m. The pulse-rate ranged from 74 to 82. 
The subject urinated before the experiment at 7 a. m., and after it was over, at 
10^ 25™ a. m. A sample of the blood was taken at 11^ 10°^ a. m. The results 
of the experiment may be found in table 138. 

Respiration Exfsbiment No. 2. 

Date, December 27, 1911. Body-weight without clothing, 63.5 kilos. 

This experiment was made on the afternoon of the day of the preceding 

experiment, being the first with a carbohydrate-free diet. At 12 o'clock noon 

the subject took for his dinner steak and butter, with a cupful of beef tea. The 

experiment, which consisted of two 15-minute periods, began at 4** 38"* p. m. 

and ended at 5** 19" p. m. The pulse-rate ranged from 94 to 104. After the 

experiment the subject ate for his supper, at 6 p.m., scrambled eggs, butter, 

and tea without milk or sugar. The results of the experiment are given in 

table 138. 

Respiration Experiment No. 3. 

Date, December 28, 1911. Weight without clothing, 61.9 kilos. 

The subject came to the laboratory without breakfast, lay down upon the 
couch at 7^ 45™ a. m., and a blood sample was taken about 8*" 12°^ a. m. The 
experiment began at 9 a. m., continued for three 16-minute periods, and ended 
at 10** 03" a. m. The pulse-rate ranged from 78 to 88. The subject urinated 
at 10"» 35" a. m. 

The diet for this day consisted of eggs, butter, and coffee at 12 o'clock; 
cheese, fried eggs, bacon, and beef tea at 3 p. m., and lean pork chops and tea 
at 7^ 30™ p. m. The results of the experiment may be found in table 138. 

Respiration Expebucent No. 4. 

Date, December 29, 1911. Body-weight without clothing, 61.3 kilos. 

Previous to the experiment, the subject said he felt very well, fully equal 
to taking a long walk. He came to the laboratory without breakfast. The 
experiment began at 8^ 12°^ a. m. and continued for five periods of 15 to 16 
minutes each. The subject urinated at 7 and 11^ 25"^ a. m. On this day he 
ate, at 12^ 35°^ p. m., eggs and fried ham, with weak coffee; at 3 p. m., boiled 
scrod with butter, and beef tea; and at 7 p. m., fried lamb chops and tea. The 
results of the experiment are given in table 138. 

Respiration Experiment No. 6. 

Date, December 30, 1911. Body-weight without clothing, 61 kilos. 

No breakfast was ttdcen by the subject on the day of the experiment. The 
respiration experiment began at 10** 46™ a. m. and continued for one 8-minute 
and two 15-minute periods, ending at 12*» 12" p. m. The pulse-rate during the 
experiment ranged from 67 to 78. The subject urinated at 7 a. m. and 12** 30* 
p. m. He took food during the day as follows: 1^ 10°" p. m., scrambled eggs. 
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butter, cheese, and beef tea; 3^ 30" p.m., beefsteak and butter; 7** 30" p. m., 
boiled chicken, butter, and eggs. The results of the experiment are included 
in table 138. 

Rebpibation Experiment No. 6. 

Date, December 31, 1911. Body-weight without clothing, 61 kilos. 

As usual, the subject fasted for 12 or more hours previous to the experi- 
ment. He lay down upon the couch at 8** 04" a. m., the experiment beginning 
at 9** 01" a. m. The measurements were made in three 16-minute periods, 
ending at 10** 30" a. m. The pulse-rate during the experiment ranged from 75 
to 83. 

During the day the subject ate as follows: At 1 p. m., boiled eggs, includ- 
ing a little of the whites, butter, and cream (32 per cent fat) with soda; at 
3** 30" p. m., eggs (yolks only), bacon, and beef tea; at 7*»30"p. m., eggs 
(yolks), olive oil, cream with soda, and tea. He said subsequently that he felt 
very thirsty on this day, and drank considerable water, but this did not affect 
the volume of the urine. Table 138 gives the results of the experiment. 

Respiration Experiment No. 7. 

Date, January 1, 1912. Body-weight without clothing, 60.9 kilos. 

The experiment was divided into two sections with an interval of some 3 
hours; in the first part the subject fasted for three periods; shortly before the 
second part of the experiment began he ate a considerable amount of oatmeal 
and eight periods followed, an additional portion of oatmeal being taken before 
the last two periods. 

The subject lay down upon the couch at 7** 45" a. m., and the experiment 
began at 8** 22" a. m. The fasting periods ended at 9** 61" a. m. At 12** 12" 
p. m., the subject took 582.8 grams of cooked oatmeal, 83.6 grains of butter, 
and 400 c.c. of water. The following six 15-ininute periods began at 12** 41" 
p. m. and ended at 4*» 18" p. m. At 4** 35" p. m. the subject ate a second por- 
tion of oatmeal (350.7 grains) and butter (65.1 grains) and drank 400 c.c. of 
water. The two last periods of the experiment began at 5** 23" p. m., and 
ended at 6 p. m. In the first period after food, the subject probably went to 
sleep for a moment or so. In the final period he coughed during the last 
minute of the experiment. The times of urinating were 7 a. m., 10** 15" a. m., 
11** 55" a. m., 3** 05" p. m., and 6** 15" p. m. The pulse-rate during the fast- 
ing periods ranged from 76 to 84, while during the periods following the inges- 
tion of food it ranged from 75 to 93. The measurements of the metabolism 
are given in table 138. 

Respiration Experiment No. 8. 

Date, January 2, 1912. Body-weight without clothing, 61.2 kilos. 

This experiment was divided into two sections, the first three periods 
being fasting, and the last six periods following the ingestion of cane sugar. 
For supper the night preceding the experiment the subject took cofifee with 
sugar, and bread. 

The fasting periods began at 7** 42" a. m. and ended at 8** 45" a. m. At 
9** 12" a. m., the subject took 100 gi-ams of cane sugar in 4(X) c.c. of water and 
lemon juice. The following periods began at 9** 22" a. m., ending at 12** 57" 
p. m. During the fasting periods the pulse-rate ranged from 64 to 68; in the 
periods following the taking of the cane sugar it ranged from 73 to 86. The 
subject urinated at 10** 30" a. m., also urinated and defecated between the 
eighth and ninth periods, resting afterwards for about 15 minutes. The 
results of the experiment are to be found in table 138. 



DISCUSSION OF RESULTS AND GENERAL CONCLUSIONS. 



131 



ReBPIBATION EXPEBUfENT No. 9. 

Date, January 3, 1912. Body-weight without clothing, 62.5 kilos. 

After leaving the laboratory at 1 p. m., January 2, the subject drank, at 
1^30°" p. m., two cupfuls of coffee with sugar and ate an egg sandwich. At 6 
p. m. he took beef stew with potatoes, bread, coffee, rice pudding, and apple pie. 

Table 138. — Results of respiration experiments Nos, 1 to 9 xvith H.H,A, 



Ezpwi- 

ment 

No. 


Date. Diet ftad time. 


Dvntioa. 


OarboD 

dioxide 

eliminated 

per minute. 


OXSTMI 

abeorbed 
permimite. 


Respiratory 
quotient. 


Averaco 
pulse-rate. 


Arerace 

reapiratlo»> 
rate. 






NarmMl, 
















1911. 


Without food: 
8«»60»a.m.... 


mm. 9te. 


cr. 


c.e. 








1 


Deo. 37.. 


14 23 


206 


225 


0.93 


76 


12 






9 13 a.m.... 


14 19 


208 


223 


.93 


77 


11 






9 37 a.m.... 


14 16 


193 


228 


.85 


78 


12 






10 02 a.m.... 


16 30 


195 


221 


.88 


79 


13 






Aferage 


• • • • 


201 


224 


.90 


78 


12 






Carbokifirate-/re«. 














1 


With food:* 
4* 38" p.m.... 














2 


Deo. 27.. 


14 54 


205 


289 


.71 


98 


14 






6 04 p.m — 


14 40 


209 


290 


.72 


102 


12 






Without food: 
9^00«»a.m.... 














3 


Dec. 28.. 


15 55 


189 


263 


.72 


83 


11 






9 22 a.m 


15 52 


187 


260 


.76 


81 


14 






9 47 a.m.... 


16 61 


195 


262 


.74 


84 


12 






Avcnfe 

8" 12^a.m.... 


• • • ■ 


190 


288 


.74 


83 


12 


4 


Dec. 29.. 


15 28 


176 


262 


.67 


73 


12 






8 38 a.m... . 


15 52 


176 


278 


.65 


74 


11 






9 05 a.m.... 


15 48 


177 


247 


.72 


73 


10 






9 59 a.m.... 


15 37 


183 


264 


.69 


74 


10 






10 48 a.m 


15 05 


184 


246 


.75 


74 


12 


6 


Dec. 30.. 


^▼•rage 

10*4«°»a.m.... 


7 44 ■ 


179 
185 


286 

250 


.70 

.74 


74 

60 


11 
11 






11 03 a.m 


14 68 


171 


237 


.72 


70 


10 






11 67 a.m.... 


15 05 


177 


235 


.75 


72 


9 






Avcnfe 

O'oi^a.m.... 


• • • • 


178 


241 


.74 


70 


10 


6 


Dee. 31.. 


14 35 


169 


242 


.70 


79 


14 






9 85 a.m 


14 39 


175 


238 


.73 


80 


14 






10 10 a.m 


14 22 


175 


246 


.71 


77 


13 




1912. 


ATcrafe 

8*'22"a.m.... 


• • • • 


m 


242 


.71 


78 


14 


7 


JaD. I.... 


14 40 


162 


240 


.67 


81 


14 






9 07 a,m.... 


14 49 


160 


233 


.60 


77 


14 






9 30 a.m.... 


16 05 


169 


243 


.70 


79 


13 






Avcnfe 


• ■ • • 


164 


230 


.68 


7* 


14 






Oatme§l and butter. 


















With food: 
12fc 4l«» p.m.*. . 


















14 62 


180 


267 


.67 


84 


16 






1 08 p.m.. . . 


15 07 


192 


275 


.70 


86 


16 






1 41 p.m — 


15 12 


199 


275 


.72 


82 


15 






2 08 p.m.... 


15 39 


204 


274 


.74 


92 


16 






3 33 p.m.... 


15 13 


207 


283 


.73 


85 


11 






4 04 p.m 


14 12 


186 


254 


.73 


77 


13 






5 23 p.m.*. . 


15 02 


208 


284 


.78 


82 


13 






5 45 p.m.... 


14 42 


211 


291 


.72 


84 


14 


8 


JaD. 2... . 


Without food: 
7*42" a.m.... 


14 27 


158 


223 


.71 


67 


11 






8 05 a.m.... 


15 16 


146 


206 


.70 


65 


13 






8 29 a.m 


15 41 


156 


215 


.73 


67 


11 






Aferage 


• • • ■ 


193 


215 


.71 


68 


12 






Ctnenggr. 


















Wiihfood:* 
9»22F»a.m.... 


















14 01 


909 


241 


.87 


73 


11 






9 45 a.m.... 


14 09 


242 


232 


1.04 


79 


15 






10 14 a.m.... 


14 28 


238 


245 


.97 


76 


15 






11 05 a.m.... 


15 08 


229 


247 


.93 


80 


15 






11 34 a.m.... 


14 32 


201 


241 


.83 


85 


14 






12 41 p.m.... 


14 30 


173 


230 


.75 


80 


12 






Nomul. 


















Without food: 
7" 5^ a.m.... 














9 


JaD. 3.... 


16 04 


172 


216 


.79 


74 


10 






8 24 a.m.... 


15 05 


160 


212 


.80 


73 


8 






ATcrafe 


• • • • 


171 


214 


.80 


74 


8 



> Subject ate 169 cms. beefsteak, 14.5 cms. butter, and 1 oup beef ton at 12 noon. 

* Subject ate 582.8 cms. oooked oatmeal and 83.6 cms- butter at 12^ 12F» pun. 

* Subject ate 350.7 cms. oooked oatmeal and 65.1 cms. butter at 4** 35™ p.m. 

* Subject took 100 cms. cane sucar in 400 o.c. of water with juice of lemon at r 12°* a. 



m. 
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On the experimental day the subject came to the laboratory fasting, and 
the experiment began at 7^ 55°^ a. m., continuing for two periods of approxi- 
mately 15 minutes each and ending at 8^ 39"^ a. m. During the experiment 
the pulse-rate ranged from 72 to 75. The measurements of the metabolian 
are given in table 138. 

RESULTS OF EXPERIMENTS WITH H. H. A. 

The measurements of the total metabolism of the subject for the whole 
series of experiments are given in table 138. Previous to the first experiment 
the subject had been on a normal diet, but fasted for some 12 hours before com- 
ing to the laboratory. Under these conditions he absorbed about 225 c.c. of 
oxygen per minute and had an average pulse-rate of approximately 78. On 
the morning following the carbohydrate-free diet, the oxygen absorption was 
increased to approximately 255 c.c. per minute, and the pulse-rate to 83. On 
the next four days of the carbohydrate-free diet, the metabolism remained 
high, although there was a tendency for it to approximate more nearly the 
normal level as the experiment progressed. Singularly enough, notwithstand- 
ing the high metabolism, the pulse-rate on the first two days was considerably 
below that on the normal day. Unfortunately simultaneous observations 
with regard to the blood-pressure were not obtained. 

Tablb lZ9,—StaH9tie8 qf wrine^—SvJbjeet H. H, A. 



D»te. 



1911. 
Deo. 2S-M. 
Deo.S6-27. 
Deo. 27-28. 
Deo. 28-29. 
Dee. 2^-80. 
Deo. 80-81. 
Deo. 81-1 
Jan. 1 /" 

1912. 
Jen. 1- 2. 
Jan. »-8. 
Jan. 8-4. 



I 



ex, 
124S 
1974 
1667 

985 
1804 

928 

880 



991 
818 
648 



1 
I 



1.0155 

1.018 

1.018 

1.02861 

1.026 

1.02661 

1.026 



1.016 

1.01661 

1.028 



6 



Pale.... 
SHchtly 
Normal. 
Normal. 
Pale... 
Normal, 

Normal, 



Pale. 
Pale. 



Add. 
Add. 
Add. 
Add. 
Add. 
Add. 

Add. 

Add. 
Add. 



s 



f«M. 



4.8 



I 



10.22 
9.89 
11.82 
16.45 
21.28 
17.52 

14.68 



8.72 
6.62 
7.18 



Ammorta. 



1 



gnu. 
0.88 
.87 
.66 
1.0 
1.27 
1.62 

1.98 



1.75 
1.29 






pxi. 

7.1 
7.6 
8.9 
5.0 
4.9 
7.6 

10.9 



16.5 
16.0 



3 



gwu. 

11.6 

20.9 

14.0 

8.6 

6.8 

7.1 

5.8 



^1 
I* 

a ^ 



174.8 
197.4 
100.0 
884.1 
326.0 
852.6 

428.6 

297.0 
287.2 
194.4 



Diet. 



Normal. 

Do. 
CmtbohydnlMtm. 

Do. 

Do. 

Do. 

Do. 

Oatmeal.* 

Case 

Normal. 



>8ittar and albomen tested for each day and oaiformly abeent. 

'Sobjeot ate 582.8 gme. oooked oatmeal and 83.6 gma. botter at 12.12 p.m.: alao 850.7 gme. oooked oatmeal and 65.1 

gma. bntter at 4 J5 p.m. See statiatios d eiperiment No. 7. 
*Sab)eot took 100 gma. oaae aofar in 400 0.0. ol water with juoe of lemon at 9.12a.m. For diet reet ol day aee ata- 

tiatioa ol eiperimoata Not. 8 and 9. 

Urine analyses. — ^The urine was collected in 24-hour periods from Decem- 
ber 25 to January 4, although on certain days the determinations were made in 
periods corresponding to the experimental periods. The results of the urine 
analyses are given in table 139. Only one determination of the jS-oxybutyric 
acid was made, t. 6., on the fifth day of the carbohydrate-free diet, and 4.8 
grams of j3-oxybutyric acid were found. There was no diacetic-acid reaction, 
but the percentage of ammonia-nitrogen to total nitrogen was somewhat higher 
than normal, if not excessively high. On the oatmeal and cane-sugar days 
following the carbohydrate-free diet, the percentage of ammonia-nitrogen in 
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the proportion of total nitrogen increased considerably, this being largely due 
to the fact that there was a decided decrease in the total nitrogen. Sugar and 
albumen were tested for each day and were uniformly absent. 

The general picture of the urine analyses with this subject does not by any 
means indicate as striking an acidosis as was found with subject H. L. H. On 
the other hand, it is reasonably clear from the presence of |3-oxybutyric acid that 
there was an acidosis, and that this was due to the carbohydrate-free diet. 
The absence of the determinations of j3-oxybutyric acid on the other days is 
much to be regretted. 

The alkali retention by the kidney, which, taken together with the 
ammonia excretion, makes up the protective mechanism of the body against 
acidosis, shows an increase during the days of carbohydrate-free diet and a 
return toward normal with the addition of carbohydrates to the food, fol- 
lowing closely the ammonia curve.^ 

Table 140. — DeUrminaHana made on alveolar air vnth H. H. A. 



Date. 


Carbon dioxide. 


Remarks. 


Date. 


Carbon dioxide. 


Remarka. 


Per 
oeot. 


Tenaion. 


Per 
oeot. 


Tensioa. 


1911. 
Deo. 26... 

Av 

Deo. 28. . . 

*» » • • • • 

Deo. 29. . . 

Atw • • • « 

Deo.80. .. 

«A V • • • • 


5.62 
5.43 
5.46 
5.68 
5.94 
5.60 


tnm. 


At aboat 3 p.m.; prob- 
ably food taken 
about nooQ. 

Aboat 10*»45»a.m.: be- 
fore eatinc. 

About llM5»a.m.; be- 
fore eating. 

Aboatl2>'15^p.m.; be- 
fore eating. 


1911. 
Deo. 81.... 

*» * ■ • • » 

1912. 
Jan. 1 

Av 

Jan. 1 

*»▼ » • • • 

Jan. 1 

Av.... 


4.70 
4.64 

4.53 
4.69 


mm, 

• • • • 

• • ■ • 

• • • • 

• • • ■ 


About 11 p.m.; before 
eating. 

About 10 a.m.; before 
eating. 

At 2*' 30F" p.m.: after 
oatineal and butter 
fttl2«»12«p.m. 

At 6*» 15^ p.m. after 
oatmeal and batter 
at4*35^p.m. 


4.64 

4.34 
4.53 
4.39 
4.75 
4.56 
4.76 
4.70 


33.2 


5 62 

5.11 
5.04 
5.00 


40 1 


• • • • 

• • • • 

■ • • • 








505 


35.6 


4.81 
4.67 
4.66 
4.85 


• « ■ ■ 

■ • • ■ 

■ • • • 

■ • • • 


• ■ » ■ 


4.58 


32.6 


5.27 
5.18 


■ • • • 
• • • • 


4 75 

4.54 
4.85 

4.79 
4.87 


33.9 


5.23 


37.2 


• • • • 

• • » ■ 

• a • • 


5.10 
5.02 
5.03 


• • • • 

• • • • 

• • • • 


4.76 


34.4 


5.05 


86.0 



Composition of the alveolar air. — Determinations of the alveolar air, with 
particular reference to the carbon-dioxide percentage and tension, were made 
on a number of days throughout this test. The results are presented in table 
140. The normal value found when the subject began the carbohydrate-free 
diet was 5.62 per cent of carbon dioxide, corresponding to about 40.1 mm. ten- 
sion. With the carbohydrate-free diet this tension dropped almost immedi- 
ately, and reached its minimum on the fifth day, 32.6 mm. On the resumption 
of a normal diet with oatmeal there was an inunediate response and an increase 
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in the carbon-dioxide tension to 37.2 mm. The correlation, therefore, between 
the carbon-dioxide tension, the alveolar air, the total metabolism and the 
acidosis is clearly shown. 

Blood examination, — ^The blood was examined daily and the results are 
reported in table 141. 

Table 141. — ReanUs of blood examinations^ — Subject H. H. A, 



! 

Date and time. '^^ 


Hemo- 

fflotnn 

(Fleischl). 


White 

blood- 

ooiposclet. 


Rod blood- 
oorpoBclefl. 


i 
Dec. 27. 1911: : krt. min. 

4'»0(F>p.m 4 

Dec.^28. 1911: 

8»»12«».m...... 14 

4 00 p.m 1 

Deo. 29, 1911: 

4*»00^p.m 1 

Dec. ^30. 1911: 1 

4*'00™p.m 80 


p. a. 

96 

96 
95 
96 


17.300 

10.600 
11.100 

11.700 

8.000 


5.860,000 

5.676.000 
5,864.000 
6.128,000 



* On Dee. 28 » stained qMCtmeo of the blood was examined mioroeoopically with the following result: Di£Fer- 
ential count ol 300 white blood-oorpuscles showed polynuclear leucocytes 82.5 per cent, lymphoovtes 
15.5 per cent, transitionals 1 per cent, eosinophiles 1 percent. The red blood-oorpuscles showed notninf 
alNKM'mal. 

It will be seen that the hemoglobin was constant for the four days; the 
nmnber of red blood- corpuscles was also essentially constant. We are unable 
to explsdn the increase in the number of white blood-corpuscles on the first 
afternoon after the first carbohydrate-free meal. The slight decrease in the 
white blood-corpuscles found for the following successive days does not warrant 
conclusions, particularly without support from similar experiments. 

The differential count of the white blood-corpuscles shows nothing 
abnormal. 

RELATIONS BETWEEN A NORMALLY INDUCED ACIDOSIS AND THE OBSERVED 
INCREASE IN THE METABOLISM IN SEVERE DIABETES. 

With both of these subjects there was a noticeable increase in the total 
metabolism as measured by the oxygen consumption, coincident with the use 
of a carbohydrate-free diet. With one case at least there was a corresponding 
increase in the pulse-rate, while with the other there was a temporary increase 
in the pulse-rate, followed by a decline. Since it is probable that an intimate 
relationship exists between the blood-pressure and the pulse-rate, we have every 
reason to believe that if all the data had been available this seeming discrep- 
ancy between the results with the two subjects could be readily explained. 

If the presence of the small amount of /S-oxybutyric acid found with these 
subjects was sufficient to stimulate the metabolism so that the metabolic 
activity of the body itself as a whole was increased by the amount here found, 
it is not at all surprising that in severe diabetes the same processes which 
involved the formation and circulation of |3-oxybutyric acid molecules would 
likewise tend to stimulate the body activity of the diabetic. On the other 
hand, the constant presence of |3-oxybutyric acid throughout a long period of 
time during the course of the disease might easily lead to an acquired tolerance 
for the presence of ^xybutyric acid which would involve the necessity for the 
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presence of a very much larger amount of the acid m order to produce a given 
stimulating effect. 

In a recently concluded experiment with a fasting man in this laboratory, 
after 31 days of fasting it was found that the amount of /S-oxybutyric acid in 
the urine was not materially greater than that found with these two subjects 
when they were subsisting upon a carbohydrate-free diet. There was, how- 
ever, no measurable increase in the metabolism noted with this subject; on the 
contrary there was a marked decline in total metabolism as the fast progressed. 
While, therefore, it would appear possible to explain the increased metabolism 
noted with diabetics upon the ground that the severity of the acidosis caused 
an increased metabolism, we can at present only state the fact that coincidental 
with the severe acidosis there was found an increased metabolism. Whether 
the presence of /S-oxybutyric acid molecules passing through the blood stimu- 
lates the cell activity, or whether the decrease in the alkalescence of the blood 
produces a similar effect, we can not at present state. Whatever the effect, the 
body probably to a certain extent may accustom itself to this stimulus and thus 
react less as time goes on. The fact that there may be 55 grams or more of 
|8-oxybutyric acid excreted per day with diabetics, with no greater increase in 
the metabolism above normal than the increase found with a normal individual 
subsisting on a carbohydrate-free diet, who had but 4 or 5 grams of |8-oxy- 
butyric acid, would imply that as the disease progressed from day to day, the 
body became accustomed to the specific stimulus (probably the presence of 
acid) and responded less and less.^ 

Clinical experience with diabetic patients suggests that an acid intoxica- 
tion of moderate severity suddenly produced by the withdrawal of carbo- 
hydrates is more dangerous than a much more severe acidosis produced by a 
gradual withdrawal of carbohydrates. Thus the sudden withdrawal of carbo- 
hydrates from diabetic patients upon entrance to hospitals may result in the 
acute onset of coma. It is often a surprise to find that in the urines of such 
patients the quantity of acid is so small. In contrast, cases of severe diabetes 
subjected to marked restriction of carbohydrates for a long period may present 
an acidosis of severe degree amounting to even 50 grams of /3-oxybutyric acid 
daily, and yet show no inconvenience therefrom. In these cases the acidosis 
apparently greatly exceeds for weeks at a time the acidosis of the former group 
of cases. 

^Rolly {loc. cU,), noting that the high oxygen consumption observed when patients first 
came to the hospital was frequently lowered by dietetic treatment, infers that this can not 
be explained alone by the reduction in protein ingestion, but that the previous high oxygen 
consumption must be due to improper diet, exercise, consumption of food, or other causes 
as yet imknown. 

Leimddrfer (loc. cU.) maintains that the increased metabolism of severe diabetes is 
caused for the nreater part by an increase in the intermediary metabolic processes, such as 
the formation (h sugar and acetone bodies from protein and fat. A small part is due to the 
increased work of respiration. 

As the page proof of this publication leaves our hands, we note that Grate and Wolf 
(Deutsch. Archiv f. klin. Med., 1912, 107, p. 227) probably have evidence in regard to the 
increased metabolism in severe diabetes as a later communication is promised. 
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